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ABSTRACT

This document is Volume 3, Appendix A, Laboratory Report, of the Final Technical
Report of the Passive Instrumentation and Stimuli Generation for Saturn IB Equipment
Checkout study for the George C. Marshall Space Flight Center, National Aeronautics
and Space Administration, Huntsville, Alabama, under Contract NAS8-20090.

The final technical report consists of four volumes:

D5-13268-1
D5-13268-2
D5-13268-3
D5-13268-4

Summary Technical Report

Detailed Technical Report

Appendix A, Laboratory Report
Appendix B, Instrument Unit Data Sheets
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FOREWORD

This document is a technical report for a study of Passive Instrumentation and Stimuli
Generation Techniques for Saturn Equipment Checkout conducted by The Boeing Company,
from June 26, 1965 to May 31, 1966, for the Quality and Reliability Assurance Labo-
ratory, George C. Marshall Space Flight Center, NASA. The purpose of the study
was to perform an extensive investigation of passive techniques and methods of appli-
cation to the Saturn Instrument Unit, define appropriate passive techniques, define the
types of components that the techniques should be adapted to, determine methods of
coupling into and out of a component or a system, and define the stimuli generation and
response evaluation equipment. The systems of the Saturn Instrument Unit were used
for detailed investigation as being representative of the types of space vehicle systems
to which passive techniques should be applied.

Passive instrumentation and stimulus generation techniques are defined for the purposes
of the study, as ''those techniques for passively introducing stimuli and extracting re-
sponses from vehicle systems without impairing, altering, or affecting the system
operation. '

Limited experimental work was performed in the laboratory during the course of the
study to verify several of the more promising techniques.

Included in the study report are conclusions and recommendations for future activity.

Although the study was conducted for the Saturn-IB Instrument Unit, the techniques
apply equally as well to the Saturn V Instrument Unit.

A-iii
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INTRODUCTION

Appendix A to the final technical report on the Passive Instrumentation and Stimuli
Generation for Saturn S-1B Equipment Checkout Study consists of photographs of equip-
ment tested and laboratory setups, curves, graphs, and vendor data in support of

the laboratory experiments discussed in Volume II, Section 3.0 of this report and
information on operation of special test devices and fixtures.

Appendix A is organized in six sections. Sections 1.0 through 4.0 support the four
basic parts of the Optoelectronic Experiment.

The titles of the six sections of Appendix A are:

Section 1
Section 2
Section 3
Section 4
Section 5
Section 6

Optoelectronic Device Evaluation

Fiber Optic and Solid Light Pipe Investigation
Optoelectronic Device Applications

Test Fixture for Optoelectronic Device Evaluation
Hall Effect and Magnetoresistor

Ultrasonic and Resonant Beam Flowmeter

A-iv
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SECTION 1

OPTOELECTRONIC DEVICE EVALUATION
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APPENDIX A
OPTOELECTRONIC DEVICE EVALUATION
A number of optoelectronic emitters and sensors in addition to the combination unit

(emitter and sensor in one package) were used in this evaluation. The following
chart shows the location of data for each device.

SENSOR
IN 2175 LSX-600 FF-600
EMITTER DATA SET NO. DATA SET NO. DATA SET NO,
T1X LO01 SET 1 SET 5
T1X L02 SET 2 SET 6
LED-11 SET 3 SET 7 SET 10
L12-3 PINLITE SET 4 SET 8
L12-12 PINLITE SET 4 & 9 (A.C.) SET 8

CK1116 RAYSISTOR DATA SET 11



PART

NUMBER

T1X-L01

T1X-L02

LED-11

L12-3

L12-12

IN-2175

LS-600

FF-600

4301

CK1116

B18036

E11636

D5-13268-3

LIST OF DEVICES TESTED

CATEGORY

DIODE
SOURCE

DIODE
SOURCE

DIODE
SOURCE

INCANDESCENT

SOURCE

INCANDESCENT

SOURCE

SILICON
LIGHT
SENSOR

SILICON
LIGHT
SENSOR

PHOTO-
SENSITIVE
FET

PHOTON
COUPLED
ISOLATOR

LIGHT
SOURCE &
SENSOR

FIBER
OPTIC

FIBER
OPTIC

MANUFACTURER

TEXAS
INSTRUMENTS

TEXAS
INSTRUMENTS

GENERAL
ELECTRIC

PINLITES
INC.

PINLITES
INC.

TEXAS
INSTRUMENTS

TEXAS
INSTRUMENTS

CRYSTALONICS
INC.

hp ASSOCIATES

RAYTHEON

DONNER
ELECTRONICS INC.

DONNER
ELECTRONICS INC.
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TYPE TIXLO1

P-N PLANAR GALLIUM ARSENIDE DIODE LIGHT SOURCE

O

"

e R St

DESIGNED TO EMIT NEAR-INFRARED

LIGHT WHEN FORWARD BIASED

o Light Source Specirally Matched to Silicon Semsors

o Recommended for Application in Cheracter Recegnition,
Tape snd Card Rewders, end Encodors

olhiqu?«hgebuiplllwshmw
Directly inte Printed Circuit Boards

o Narrow Light Beam

o085 CEnAMIC Bl DWMENSIONS 1N INCNES
™ o0
L 1! ﬁ-
T T 1
1. aNCDE 0672 J 3. cAmOBE
'L".‘—“ l‘— U,Iu—u:%:
08 01 [ 4 TIMES
e ACTUAL SITE
obsolute maximum ratings
Reverse Vcitnge ot 25°C Case Temperature .. . 2v
. 50 ma

Forward Current at 25°C Case Temperature (See Note ‘i
Operoting Case Temperature Range Coe
Storage Temperature Range

| 65°C o +125°C
| _65°Cto +150°C

) Soldering Temperature (3 minutes) . 240°C
electrical characteristics at 25°C case temperature
[ T PARAMETER | TEST CONDITIONS min | Tve [ max | umir
A mm‘:: I = Soma 0y M

o T o (oo le = 50ma, Sea Moty 2 sot .
o N e tutpel Ie = St Soe ot 3 3 pu
_V; Static Forward Voltege I = S0ma 13 v
¢ Totol Capoxitence V=06=1M ] 75 o

NOTES. 1. Derste Hinourly to 125°C cane tomperature of the rate of 0.5 me/C".

1. The rediont power outpet inte & 9® right circulor tone conziel with the device

close proximity bo the glens lons of the device.

3. The rodiont powsr sutput Inte ¢ W® circoleor come
by-l.m:-m.mmnm-m--wmmm

tonce of 1.00 % 0.05 cm from The dovics fom sactace.

{ ) FThis power s squivaient to appronimetely 2.25 1 104 photom por socond ot 9 micrem.

mdmnmnun-mwm*mwu

mnd-mn-a«u-mquhmnmuudmmmm«mmnm
coanial with the device axis of tymmetry and wih We selor coll serlece of o k-

PRELIMINARY DATA SHEET:
Supplementary dats witl be
oublished st & later date.

P

TEXAS INSTRUMENTS

INCORPORATED

UCTOR-C!

NTS DIV

POST OPPICE BOX SO1Z o DALLAS 28, TEXAS

‘TLLLEY $1G "ON NUITING

£961 ARVNVER

t

1014 BdAL




TYPE TIXLOY
P-N PLANAR GALLIUM ARSENIDE DIODE LIGHT SOURCE

P e s e e ey e S et . ——— -
: TYPICAL CHARACTERISTICS - .
N N - - - e e .
k-
RELATIVE LIGHT INTENSITY !
.o v
. RELATIVE SPECTRAL INTENSITY ANGULAR DISPLACEMENT :
: 100 100 ;
. Iy = .
0 \ Liaed w / \ See Note 4 — ;
H > 7 > )
] % 1 . N
i ] £® i '
£ \ % .
- 7 \ b~ 2 '
o So <4 |
_ 3 \ K [ 3 \ i
1 -
: 2 <X
N0 AN .
10 - 10 \ !
0 0
5 0.8 08 09 09 0.92 0.93 0. 0° 2° 10* 0* 0* 2° . }
' A — Wove Length — ¢ @ — Anguler Displocement ’ R
' FIGURE \ FIGURE 2 {
1 .
i
; FORWARD CONDUCTION CHARACTERISTICS l
50
Ta = 235°C
: ©
1 : :
|
. R
-4
J
3 :
0
2
|
-
10
. °
0 0.2 05 075 1.00 1.25 1.5
Vg — Forward Voltege — v
FIGURE 3 '
WOTE 4: The diogrom for roiative Hight intemiity thows el mest of the rediesl sutpet of the TIXLOT is conconirated within s norrow circuler come. Redient power eotyei !
inte verians viow anglos cou be meesersd by o wnoli-diemeter spartone and @ calibrated toler coll. The oler coif, coversd by the eperture, s beld ot o distonce §
from the light source whore S is relsted to the view ongle § ond the apertors radies ¢ by the lellowing squetion: v R
; 5=
. L2
-(?)
PRINTED IN USA
i
. = TEXAS INSTRUMENTS -
' INCORPORATED
| SEMICONDUCTOR-COMPONENTS DIVISION TEXAS WISTRUMENTS RESERVES WIE MIGNT 10 MAKE CHANGES AT ANY TilE
i POST OFVICE SOR 8018 ¢ DALLAS 21. YERAS W GEDEE 10 JMPROVE DESIGH AND 70 SUPMLY TN DEST POORN(T POSTARE.
AINKS N - ‘ T ’ o
iae a3 .
PR T R
AR el D 7




ene | |
o e | CONMECTED M1 PARALLEL.
T T AL DIMENSIONS ARE
10 1oy ™ mecHes
o unq ' UNLESS OTNsRWASE
L) [
4
—_ ‘.“"J MAXIMUM WINDOW EXTENTION
\ FROM TOP OF CASE IS 0.040
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TYPE TIXL02
P-N DIFFUSED GALLIUM ARSENIDE DIODE LIGHT SOURCE

et v e e . . e e . A

DESIGNED TO EMIT NEAR-INFRARED

LIGHT WHEN FORWARD BIASED

(impreved Version of SNX100)

o Light Source Spectrally Matched te Silicon Semsers

e Recommended for Application in Character Recogmition,
Tape end Cord Readers, end Encoders

o Norrow Light Beam

mechenical dete

The devices are in o hermefically sealed welded case similar 1o JEDEC YO-18 with window. All TO-18
registration nofes also apply to this outline. Approximate weight is 0.35 grams.

THE ANOOE IS M ELECTRICAL
3 waos 33 pua CONTACT WITR TRE CASE. TER-
NINALS | AND 2 ARE SNTERBALLY

MINIMUM DIAMETER 15 0.125

absolute maximum ratings

Reverse Voltage ot 25°C Case Temperature . . . e 4
Conti Power Dissipation at (or below) 25°C Case Tcmpom'vn (Seo Noh l) .. .. V5w
Operating Case Temperature Range . . . . . . Coe -I9S‘C to +125°C
Storage Temperature Ronge . . . e e e e e o .. .. . =195°Co +125°C
Lead Temperature Xi" from Case for 10 Socondt T &« e

olectrical characteristics ot 25°C case femperature

PARAMETER TEST_CONDITIONS MIN Tve MAX m_'1
Wavelength of =
A Peak Emission Iy = 100 ma [ ) [
Rediont Power Ovipwt -
P inte 90° Groslor Cone I = 100ma, Ses Nete 2 L, 3¢ e
Ve Stetic Forward Yeoltoge lr = 100 ma 1.2 13 v
G Totol (apacitence ¥=0, {=1Mk, Se0lekel 1000 ot

WOTES: 1. Derate linomrly 1o 125°C case tomporature ot the rwte of 15 ww/(®.
2. The rodiont power sulpet inte ¢ 98° right circnlor cone ctosxiel with the devico ezh of symmotry ks mousared by wse of o calibroted siticon soler coll bold in
close procimity te the gloss lons of the dovice.
3. Totel s jonchion plos hoader | Nonder 1 typheatty 1.5 pi mewsmred ot 1 M

1This power is oquivaiont 1o eppronimeately & x 10°¢ photons por socond ot .9 microms.

TYPICAL TEST CIRCUIT FOR Soateg. 000"

b .
1000 :D
PRELIM! \( : w9
Surtiomentars dots wih se @ TexAs INSTRUMENTS 1 10
mﬂlwm. INCORPORATED
JCTOR NTS DIVISION
POST OFFICK BDOX B01% ¢ DALLAS 22, TEXAS

Use heat sink for currents greater then 100 ma.
Max junction tempersture 125°C.

VU AL

5
:
;
5
z

™o
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TYPE TIXL02
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 —— e — A —— = e —— -

P-N DIFFUSED GALLIUM ARSENIDE DIODE LIGHT SOURCE )

-

Relative Light Intersity
3 8 8 5.8 3 8 8

" TYPICAL CHARACTERISTICS

RELATIVE LIGHT INTENSITY

RELATIVE SPECTRAL INTENSITY ANGULAR DISPLACEMENT
100
o L
/ \ lg=100ma__ | © // \\
\ Ta=25°C / \
z o1/
See
I \ -% @0 Note 4
i
\
] \ 5% 7 =
fo 2
1 \ i:
| A d
I - >
- 10
°
0.08 0089 09 09 092 09 0% 0°  20° 10° o0°  10° 20° 20°
A — Waove Longth — 0 — Anguiar Displacement
FIGURE | FIGURE 2
FORWARD CONDUCTION CHARACTERISTICS
100
1
T, =25°C
)
F:
|
‘é 0
§
3
©
]
: |
) - /
o _
) 0.25 0.0 075 1.00 1.25 1.50

Vg — Forword Volitage — v
FIGURE 3

"!t*m*h“h*nh-ﬂhlmm-‘um*ﬂ.lhd-a‘,l-ﬁ
hhmhﬂnalﬁ-o!hh*mﬂ.!h“h&ﬂ-.ﬂ@-‘Nm*lhhm

qustion:

.‘=
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e

P
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O

specifications

TYPE IN2175

N-P-N DIFFUSED SILICON PHOTO-DUO-DIODE

FOR APPLICATION IN: 58 VOLTS
';'-‘"' 250 MILLIWATTS

readest Designed for 125°C operation
Light switching Unlisnited altitude renge
Monsurement indicnters

Mdﬂl

Hermetically sealed case. Unit weight 0.16 grams.

t

G0N0 (20001) LAAD A

conditions min typlest max wnlt

Bins Veltape @25°C +=5 vic
Power Dissipolion @25°C 58 nw
Opersting Tomporatore ~4 +118 °C

, Storage Tomponnivn —45 +12§ *

$0erk oment @25°C @50 vik (1] [ 1] prode
Bark Coment @190°C @50 vk » 10 ok

Hight Corvont @25°C @ =10 wkt L[] b ok

* Typical Photocurrant Nisa Time 1 Jasnc
Typical Photocurnnt Foll Tims 45 . pasnc
Typical Sensitivity ny pa/mw/cmt,

NOTES: )

$ 0ok current is loskoge revent srvecs diede with we lacidont inadiotien.
4 Light curont ts mossured for ¢ vales of imadioncs. Inedioncs == ¥ ww/cm? ln @ wove dngth tonge of T to V.1 wmicrons o dofued by o (arning
€3 7-07 Giloer,

® Rise twe ik the time roquired for the photocorrent ** fo rios fum 0% to 0% of M Basi vales olter o Foll
fime 15 the Hime for the photocorrent te docsy from S0, S0 WY of M initiel valve oier wawl o

**Photerurrent is the difiersnce botwemn Light Corvent und Bask Coveent.

APPLICATION NOTES:

The HINVS &s & submisistore symmetricolly diffoved siiicen valt. The twe jonctions ov symmetricel 3o oither dlode tosminel con be bioved positiely
or nogatively. Become of this unique dusign, AL or OC bier veltoge con be wued. The smoll sise and bigh Fight semoitivity of this onlt wohes B portenierly
welel in bigh spoed moding of pudhed cords end tapes, Hght doteriion systems, ond in production Mne scrosnlag or ssnting. Numorsss ofber commenciel
ond mifitory applicotions omist.

e o ———

SLITNL RdAL

TH6L WACWAIRG TIELTY $-10 "ON NILDTING

661 AUYNUEAZ4 YPOL $-30 "ON NILBTING SROV VAN

@ TEXAS INSTRUMENTS
INCORPORATED

POSY OFFICE OON SOIR » DALLAS 22, TERAS
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TYPE IN2175
N-P-N DIFFUSED SILICON PHOTO-DUO-DIODE

e e s e e

! "TYPICAL CHARACTERISTICS

SPECTRAL RESPONSE CURVE®
WAVE LENGTH ~~ ANGSTROMS
: 4000 5000 4000 7000 9000 9000 10000 11000 12000
; 100 o—
I
: P e \
®
: \
¥y e
2 \
I
3
S w0
=
é s
3 P
i
i °
0 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1 1.2
. WAVELENGTH — MICRONS
; *For Equal Values of Radient Flux at All Wave Lengthe
| -
PHOTOCURRENT MOTOCURRENT
v h¢d
ooVIAS VOLTAGE FOR DIFFERENT IRRADIANCE INTENSITIES IRRADIANCE
800
16 e LIGHT SOURCE:
L em? TUNGSTEN FILAMENT
350 A 700 | LAMP OPERATED AT
/ IRRADIANCE IN A WAVELENGTH A COLOR TEMPERATURE
300 RANGE OF .7 TO 1.1 MICRONS 0o | OF 2870°K
AS DEFINED BY A CORNING CS -
= 7-69 FILTER TEMPERATURE 25°C. "rd
3250 500 p ]
— L~ 9 mw .Z- ’7
© & o & %
. EW g /
3 4
= 150 7 [+] /]
. 0O P z 300 ]
2 / :_:’ v ,\)jlﬁ“/
100 . S S 200
2 o
// cm? /4
50, 100 /
e 4
o 0
0 0 20 2 0 0 0 2 4 &4 8 10 12 14 16 18 20

BMAS VOLTAGE IRRADIANCE (mw/cm?)

°o TEXAS INSTRUMENTS

IMCORPORATED
SEMICONDUCTOR-COMPONENTS DIVISION
POST OFFICE BOX SOt2 & DALLAS 22, TEIXRAS

e

A-10
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vt o o A - A o b . |l = 4 e o

et e o . e =

- c—————

TYPL IN217
N-P-N DIFFUSED SILICON PHOTO-DUO-DIODE

TYPICAL CHARA cm ISTICS

s ~
TYPCAL DARK CURRENT CHARACTERISTIC :
vi. TEMPERATURE
FOR ANY CONSTANT VOLTAGE .
SETWEEN 10 AND 50 V DERATING CURVE :
10? % H
D, = DARK CUMENT i :
10* AT ¥ E !
DARK CURRENT 1= - zon !
D, = ——
10 PUarasc % \\ A
= — =¥z ==
E S P =3 = | 3
s F e 1 150
€ | }',f»/::ﬂf- T i \
a = adf ps 4=z o
o] | - = \
= «
= 10 . - .
s — = E =t S ok a‘w !
o 3
o {1 i g
—» = s \
.10 o 1/ '
[ 1 I J1 b d 1 1 N o ) B S| ;
o 1 |74 S S PN A S S N 0 !
<100 -% 0 0 10 150 200 25 50 75 100 128
TEMPERATURE °C TEMPERATURE °C '
N
i
i
. FREGUENCY RESPONSE AT BIAS VOLTAGE OF 10V AND 25°C !
;
: ?
\\\ v
\ :
- N
3
]
2.,
-3
-4
» “ 10 1000 10000 20000
LIGHT MODULATION FREQUENCY IN CYCLES PER SECOND
USING GLOW MODULATOR
™~ :
} i
o TEXAS INSTRUMENTS i
INCORPORATED I
[ ¢ JCTOR- TS O
‘ POST OFFICE BOX SOI2 & DALLAS 22, TEXAS 8
B
? i ERGIRERY N P
A_ll : . .
i Ty 3 ¢ P .
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TYPE IN2175
N-P-N DIFFUSED SILICON PHOTO-DUO-DIODE

et .

——
i 1
PHOTO DUO-DIODE PREAMPLIFIER
This circuit was designed for use with the TI IN2175 photo duo~diode. A
voltage omplification of 30 db wos obtoined. This voried less than 1 db
changing from low hyg units ot =40°C to high hee units of 100°C. An
output of 4 volts peok to peck can be obtained across o 1 k lood resistor.
The amplifier response is £1 db from 10 cps to 10 ke. .
+28v
. ® o -0
24K 20K 2K
. 510K ISU' ouTruT
p o—O
0K -
Vof ok
1 I
5 10K 27K B
, N Jou
51K <
!
H 51K
1
| -
i
’ o T PRINTED IN USA
EXAS INSTRUMENTS TH commet snivme ony respansibilty for omy clrcsis shows
INCORPORATERD o represent thet they ore froe from patent Iniringement.
SEMICONDUCTOR-COMPONENTS DIVISION TEKAS INSTRUMENTS RESERVES THE RIGHT TO MAKE (MANGES AT ANY TIME
POBY OFFICE POX 3012 @ DALLAS 23, TEXAS " m. m m uw “ mm' m ”' m m!

A-12
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MICRO SENSOR DESIGNED FOR
y HIGH-DENSITY MATRIX AND
LINE READ-OUT EQUIPMENT
‘ o Recommended for Application in
Chorocter Recognition, Tape and

Cord Readers, Velocity Indn:otors,
and Encoders

Unique Packege Design Aliows for
Assembly inte Printed Circuit Boards

Smoll Diameter Reduces Optical
“Cross-Tolk”

o Power Dissipation 50 mw

o ALL DIMENSIONS IN INCHES
CERAMIC

mmn CONYACY

o.ﬂ:
0084
) NS ' I
0.047 l EMITTER
cotscTon ~ fe-g:0a% ) _

O

0064 || | 0010 0.024
0060 ' ™| 0003
oma | 00ls
e
0.082 FoUR TIMES ACTUAL S12E

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Collector-Emitter Voltage . . . . . . . . . . . . . .« . . .+ .+ < . o . . . 50V
Emitter-Coliector Voltage . . A 4
Total Device Dissipation ot (or below) 25°C Free Alr Temperu'ure (See Nole ]) L. . - - - S0mw
! Operoting Temperature . . . . . . . . . . . . . . . . . .o ... 125°C
; Storage Temperature Ronge . . . . . . . . . . . . . . .. —65'C to -+150°C
’ Soldering Temperature (3 minutes) . . . . . . . . . . . . . . . . . . 240°C

! ' NOTE 1. Derate linoarty ts 125°C free-sit tompersturs at the rete of 0.5 mw/(°

PRELIMINARY DATA SHEET:
Supplementary data will be
, published st a ister date.

SEMICONDUCTOR-COMPONENTS DIVISION
POSY OFFICE BOX 8012 #» DALLAS 22 TEXAS

@ TEXAS INSTRUMENTS
INCORPORATED

007 X351 3dAL

TYPE LSX 600
N-P-N PLANAR SII.I(ON LIGHT SENSOR
i o T I A

z
5
!
g

A-13



TYPE LS
N-P-N
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X 600
PLANAR SILICON LIGHT SENSOR

electrical characteristics at 25°C free-air femperature (unless otherwise noted)

o o 3978°K color temporature.

.

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
k Light Current Ve = 5v, H=2ww/ow’ s 10 [ ] :

(Seo Nete 2) i
Iy Dork Current Ve =Ny, N=10 o | ees I ]

Vo = Wy, =0 .
lo Dok Current To= 100°C " pa |
Vognen (ollector-Emities Sciwration Voltege | I = 0.4ma, H = 20 mw/om? (3 ] v !

{Ses Nots 2)

i

NOTE 2. frradionce (M) is the rodiont pewer par wnit aree incidont wpen o swrtece. For this meeswroment the source Is on wnfiliorsd tumgston (inoer Hilument bulk eporating

switching choracteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS e uNIT H
f t, Wise Time Vec = 35v, h = ¥00pu0 15 Tr :
| ty  Foll Time' = kA2, (Ses Figure 1) 15 e i

PARAMETER MEASUREMENT INFORMATION

H (ves note o)

. Ovipst wovelerm is menitorsd o wn
1, < 12 Ry, = ) megeba, G <= Wl

: A
1 Output
~ {see note b)
) '
! ‘E'VCC'u' 'l‘“‘ﬂ?
; —
1
¢
!
: VOLTA
* TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

FIGURE 1 — SWITCHING TIME

NOTES: «. Inpot rvadionce |s suppliod by o puised zomen buid sewrce. Incideat irtidation is odjusted for § = MBpe
with the foliewing cheracteristics:

TeExAs INSTRUMENTS
INCORPORATED
.(M!CONDUCTOI-COMPON!NY. DIVISION
POST OFFICE BOX 3012 » DALLAS 22. TEXAS

W

PRINTED IN USA
1|w-n-1'mh-'¢huh~n
uw"hynl—b—p—‘m—-t

TERAS WISTROMENTS RESERVES THE RIGNT TO MAKE (MAMGES AT ANY TiME
W ORDER TO IMPROVE DESIGN ANG 1O SUPRY THE DEST PROSW(T POSSIMLE.
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10/64 55.13
LED-9, LED-10,
LED-11

Infrared Light

B b ¢ 2l K e A e b et el At o kTt B - s S B e

R

The General Electric LED-9, 10, 11 are gallium arseaide light emitting diodes designed to produce non-coherent radiation
at both 77°K amd 300°K {28°C) temperatures. These devices ara intended for use in applications such as card readers and
security photo-electrenic systems. They are particularly ful in applicati d ding a light source capable of with-
standing severe shock and vibration. The LED-11 is the same 88 the LED-10 excapt that the lens cap is removable. The
ratings on the LED-1] are based on the cap removed.

ABSOLUTE MAXIMUM RATINGS

[~ ..B- meren
Power Dissipation T, = 25°C 150 mwe ,_-:,'._'__‘_-'_E:;-.-_-;-_-,- phim "‘"'
; Power Dissipation T = 25°C 100 mwes SIS e -
Power Dissipation Tg* 17°x 2500 mwess ';_-_.-.__-‘;".f'..":.".'.‘.".: T
*Derate 1.5 mw/°C above 28°C ambient S St e Gt & UTUj.
. o, 0 - =
Derate 1. 1 mw/“C above 25 C case. u ; ﬂ»{':{_
Derate 5.4 mw/°C above 77°K case. ) -Ll —
Forward Current {(Pulsed 1 ysec wide} - . ' |=Y, =_
Rep. Rate = 200 ppa T, = 35°%C 70 Ade pk &‘, o
Rep. Rate = 400 pps T = 11°C 70  Adc pk “,0 oot
i {LED=9 is limited to 30 amps pk} X111 T iy - o
I Breakdown voltage (Reverse) 2.0 Vde
O Junction Temperature 17°K to +128  °C
ELECTRICAL CHARACTERISTICS ﬂc' 28°C unless otherwise specified) -
—_—— - LED-9 LED-10 LED-11
Min. Typ. Min. Typ. Min. Typ.
Total Beam Output (Coatinueus)
1 = 100 mAdc .03 .08 .1 .3 .2 .6 mw
‘ I = 800 mAdc . .25 1.5 3 mw
i Ip = 100 mAde, T = 77°k .5 3 6 mw
; 15 = 800 mAdc, T = 77°K 2.8 15 30 mw.
‘ Total Beam Output {Pulsed)
i {1 usec wide, 200 pps)
| Ip = 10 Apk ) s 23 45 mw
1= 70 Apk - -8 128 250 mw
Ip= 10 Apk, T = 77°K .07 0.4 .8 watts
Ip= 70 Apk, T = 717°K - 3.0 6.0 watts
Wave Length ]
Iy = 100 mAdc 9000 9000 9000 A
Ip = 100 mAde, T * 17°% 8450 8450 8450 A
Spectral Width o
Ip = 100 mAdc 210 210 210 A
Ip = 100 mAde, Tg * 17°x 170 170 10 A
Forward Voitage Drop
1= 100 mAde 1.28 1.28 1.2%  Vde
1y = 100 mAde, Tg * 7°K L8 1.8 1.8 Vde
Breakdown Voltage, Iy * 10 pa 2.0 2.0 2.0 Vdc
Capacitance {=1 mcs, 0 volte $00 500 500 pf
r/'\ Rediating Ares -————— 025 X ,025 ———w inches
N -\.) NOTE: To remove the cap from the LED-11, heat the device to 100°C to 125°C and gently pull the cap {res.

Viag @ ,c-ao;sa. hm!nw be
u.mﬁ 3 modison A New, Yorh, N.

Thap Xoomaot o eiTes e
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POWER DISSIPATION, wWatt

b

D5-13268-3

101
"
S 0.5
Q
pos
2
"2" —f‘CURVE 2
S
U v T ) § L4
28° S0 iy 100 125
CASE TEMPERATURE , “C CURVE |
AMBIENT TEMPERATULR E , ¢ CVURVE 2
FOR MAX, POWER DISSIPATION USING THERMALLOY
RHEAT SINK #2218 A WITH TWERMAL
RESISTANCE ©ca=25°C0 , 6, 277°%/, ond
Ta S 25°% ¢
Pol = .L-‘ AN
G'CA + 9.,;
_ l_e5c-2a5°c
85 °Cly ¥77°fh
= 0.98 waﬁ'
Pd.®D@Tapz=30°C = 0,93 w
Pd & Taz40°Cc = 0,83 w
Pd & TaA=50°C =0.735 w
INITIALS | DATE “ l:f,"u':‘ DATE TITLE MODEL
CALC
- RCE
CHECK I LE D1} LIGHT Sou
APPD. I Add tional Defa
APPD. I[
U3 4038 8000 REV. 10.64
REV LTR SOSING |\°

A-17 |SH.
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ELECTRICAL DATA Absolute Maximum Rating

SILICON EPITAXIAL JUNCTION
N-CHANNEL FIELD EFFECT TRANSISTOR

FOTOFET(™

o ULTRA HIGH SENSITIVITY
o LOW DARK CURRENT

o FAST RESPONSE

¢ PHOTOTUBE REPLACEMENT

Drain to Source Voltage BVoso 15 Volts
* Drain to Gate Voltage BVoco 15 Volts

Gate to Source Voltage BVeso ~10 Volts
D.C. Gate Current 15 50 mA

‘ _Junction Temp (operating and storage) T, -65°C to +200°C
Power Dissipation (free air) Po 300 mW

! Lead Temp (@1/16" * 1/32" from case) | To 240°C for 10 sec.

) Derating Factor From 200°C Drf 0.58°C/mW Al Dimensions bn Inchas

|
C ELECTRICAL CHARACTERISTICS:

Ta =259C (Unless Otherwise Stated)

Parameter Symbol Condition .y Fifp(n s Units
Gate Leakage Current (Dark) less { Ves=-10V, Vos = 0 - 0.5 ] 3.0] nA
Gate Current (Light) ! - Mg | Vos= 10V, Ves = OV 75 - - nA/rc |
Zero Gate Voltage Drain Current | loss | Vos = 10V, Ves = 0 8.0 25 40 mA '
Drain Current (Light) ! Ald Vos=10V, Ves=OVRs= 1mQ - 800 - |uA/rc
‘ Transconductance ' gm Vos = 10V, Ves = 0, = 1KC 8000 - - jumho l
‘ Rise Time Tr Vos=10V,RL=Rs = 100Q), Ves=0| =~ 30 - nsec
Fall Time Tr | Vos=10V,R=Rc =100Q, Vas=0| - | 50 | - | nsec |
| Pinch-off Voltage Veo | Vos= 10V, los = 0.1uA 1.0 2.5 | 5.0 | volts |
Gate to Source Cap. Cas | Ves=-10V, f = 140KC - - 35 | pfd i
‘: - Gate to Drain Cap. Cao | Vao=-10V, f = 140KC - - 2 | pfd 3
| C/ 1 Tungsten Lamp 2800° K Color Temp. 2 GaAs Diode Source 3 Directly Proportional to Ra i

O EVSIA|OHICSHEILIT

147 SHERMAN STREET .

CAMBRIDGE

+ MASS. 02140 @ TELEPHONE: (617) 491-1670

® TWX: 817-499-9186
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FYTED = v.0.4.

f

i

WIDEBAND PHOTON COUPLED ISOLATOR

The -hpa-4301 Photon Coupled Isolator is a wide bandwidth
signal coupling clement comprised of a gallium arsenide in-
jection diode infrared source and a PIN photodctector.
Electrical input signals are applied to the GaAs diode which
emits infrared radiation in proportion to the instantancous
forward current. The radiation is guided via a light pipe
into the PIN photodiode. The clectrical signals resulting
at the photodiode can thercby be controlled from an in-
put which may be in a scparate and clectrically isolated
circuit. The isolation between input and output exceeds
10" 0 shunted by less than 0.01 picofarad. The device will
operate on dc as well as ac signals, has a 10 mc bandwidth,
and can withstand up to 10,000 volts between the input and
output. Separate headers and shields on the input and output
sections it 2 high degree of circuit isolation. Applica-
tions include replacing video pulse transformers, tf signai
couplers and switches (see -hpa- Application Note $).

Large Signal Current Transfer Ratio, h, = I,/I, ...
Small Signal Current Transfer Cutoff Frequency, fi,

|

840 1260

SaAs EMITTER
(YELLOW OOT) .
- 70 - & HEADER

—od o— . 284

Maximum Input-Output Voltage
Difference:® ... ..
Power Dissipation, T = 25°C,
GaAs Source: ...
Photodiode: .........
Instantaneous Peak Current (I, peak)
Chip to Shicld Resistance: .
All specifications apply at T = 25°C % 3°C.

10,000 V peak

100 mw maximum
100 mw maximum
..500 mA
e 103

Note: See -bpa-4104 and 4201 for electrical chavacteristics of the
galliam avsewide and silicon diodes.

Price: In guantities 1-99, $145.00; 100-999, $97.00 each.

i AT 12 (B EHEWIC T Pt Ra o)

o313 =

ILh=2mA i = 3I0mA

Y, =25V ¥V, =125V
Typical Typical Unit
...0002 . ... ratio
10 ... MCps

I; = emitter diode input current.

I; = photodiode output current.

V; = voltage across photodiode.
Cathode leads are color coded black.
Shield leads are color coded green.
Anode leads are color coded red.

® Defined a5 stars of coroma. Higher voltage snits are available on
special order.

ues
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120 A

CURRENT 40,4
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‘ 60uA I, *100MA
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zoph Iy »SOMA
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| ! 40 80 120 60 200
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THE VOLT AMPERE OUTPUT CHARACTERISTICS OF THE
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RELATIVE SPECTRAL ENERGY
DISTRIBUTION OF THE TESTED

LIGHT SOURCES
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IN-2175:

LSX-600:

T1X-LO01:

T1X-L02:

LED-11:

L12-3 & L12-12:

FF-600;

D5-13268-3

CAUTION NOTES

Max. Voltage + 50 VDC
Max. Power 250 mV

Collector-Emitter Voltage 50 VDC
Emitter-Collector Voltage 7 VDC
Max. Power 50 mV

Reverse Voltage 2 VDC

Forward Current 50mA @25°C

Derate .5mA/°C

Reverse Voltage 2V

Max. Continuous Power 1.5W @25°C

Derate 15 mw/°C

Reverse Voltage 2. 0 VDC Maximum

Max. Power Dissipation 150 mW @T = 25°C
1300 mW @T, = 25°C

Max, Voltage 1.25 VDC or VAC Peak

Gate to Source Breakdown Voltage 10 VDC

A-22
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GENERAL INSTRUCTIONS FOR ALL DATA SETS (EXPERIMENTS) IN SECTION 1

1, Connect equipment as shown in the test set-up. Cover the light source and
sensor with the light tight enclosure.

2, Record the data indicated on the data sheet for several values of light source
(Emitter) forward current.

A-23



DATA

SHEET

0-1.5V

& -0~ +
]

POWER SuPPLY

LIGHT TIGHT

ENCLOSURE

POWER sSufrLY 2
+2.0vDe

R 0To Svoe

TEST SETUP

TEST EQRUIPMENT LIST

POWER SUPPLY I—. Lambda LE 102
(cumREWT REGULATED)

VOLTMETER Vi “Hathaway r2]
VOLTMETER Vz—Fluke 8038

Sin 777494
AMMETER - POLYRANGER 88
CALL crT 156760

SAFETY

POWER SUPPLY 2 —-TRYGON M™M3é-I15A

PARTS LIST

DI — TixX=LO|
D2 - InweV7§
R — & k= y GR Decade Rox

D3- INS38

PRECALDTIONS ¢ Maximum current n DI = S0 ma.

INITIALS | DATE !:f;’l A‘L" DATE TITLE MODEL
TECWH
CHECK Device Transfer Characteristics -
APPD. " TIX-LO! Source and IN-2175 Sensor
APPD
U3 448 BODU REV 10 64
REV (TR SOEINEG |N© D5-13268-3 B

DATA SET | g SECTION

R B I A-24



DATA SHEET
AMBIENT TEMP,
READING EMITTER SENSOR
No. VOLTAGE | CURREWT [ VOLTASE » VDT .
vDC MAa NOSE TO NOSE w |D°%" |R:7
/ 103 2.5 ma 3. Bmy.
2 L.o8 S.0 15.6 MV | &.8mv
3 W, 7. 5 3/.2wmv
4 112 10, 0 5 3. 7mv| 25/ my| 13.4mv| 4,5,
5 113 i 1e. § 757 3 my
é L4 15,0 102 wv |48 8wy
7 L4 17.5 127.8mv
8 1. 15 2o0.0 1541 mv| 83 0 45,3 [155n
9 /.17 ce.5 190, mv
10 .17 25,0 c2l. mv}ii2, Imy
I [ /8 275 25) mv
12 1,18 30.0 281 mv 147, my | 83 mv|3]0pm
/3 .18 32.5 303 mv
14 1,18 380 342 mv {186, 7wy
15 [.19 372.5 37/ my
l6 .19 40,0 408 wmy | 223, 5wl 129,4mv|48.6my
17 1,19 42. 85 437 mv
18 .2 445 450, 8w|259, 515/ mv |5E8,2mv
9 |2 47,5 496, 4m| 2T
20 50 mal>
w n ambre ni /1\7“
> Do net pcv’;orm this sfe/o F a;ml):lgn?L
'I'empé-ra"lurc exceepls d5°C|., Do wot
remam| on this |step lveryllong.
itiacs | pare || REV BY | oar Tirie wooEL
TECH
CHECK
w0 IRAT [7Febbb
AFPPD
TR scocm oia
- Sof/NG |0 D5-13268-3
DATA SET | SECTION | lsw ‘2. A-26




£ v
Rt%‘g‘.NG Sensor Current _ua Ts= F:ﬁ !
(Frowa>$he¢‘l’ I o 52 >3 >4
| Y A
2 3./2 .36 |
3 6.25
4 10.7 £ 02 2.48 .7
£ { 1505
é { Cto.4 9.7%8
7 L 254
8 | 30.8 6.7 .07 3./
7 ! 38.0
10 i 44.2 22.4
¥ ! s0.2
12 . 5¢.2 28. 4 /b.& @,2
i3 i 606
I 4 , 68.5 324 |
15 L 74.3
A i Ble 44.75 | 25.? 973
17 . B87.5
/18 i+ P00 se,0 30.2 1.65
17 I 99,3 :
zo |
b
i
{
|
i
|
!@
|
|
INITIALS | DATE l:f_:’u‘l_”' DATE TITLE MODEL
A |RST |8 Febés
CHECK
APPD.
APPD.
U3 4038 8000 REV. 10-64
REV LTR SOEING | N° D5-13268-3
DATA SET | SECTION | lIsH. 3 A-27
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v -V .
REs\ST'\NCE OF ”\\3175 - SUPPLY RESISTo®R \N SERIRS
Il’“‘b"o currg\‘i‘

- 20,0 —.05%
107X 10-©

R@Ie:lo ma /.86 megqg

20,0 -.15¢%4
RaTez 20 ma = 35,8 x10-¢ = 645 K*

20.0 -~ .28/

1

R@ IG_:SD ma

- n,
52,2 x10-6 = 357 K
Ra 1. . . 20.0- 408 . -
®Le: 40 mo 8l.6 xio-“ 2%0 K
- 20.0 - 496
R 24 = ' = -
QDQIg S5 ™a 553 xl0-¢ | Pa K
b0
5
£
}
B 40 '
4
w
o
14
D
(@]
uil
-
E
=
w
'
w
0 = 10 L5 2.0
SENSOR RESISTANCE - Megqohwms
Ewm i Rer Nose -+o-Nose W th Sewsor
INITIALS | DATE REV BY DATE TITLE MODEL

INITIAL S

CALC RST 9 Febo
CHECK
APPD.

APPD.
U3 4038 8000 REV. 10-64

No. D5-13268-
REV LTR BOEING | 3268-3

DATA SET | SECTION 1\ [sH SN & A-30




DATA SHEET

LIGHRT TIGHY ENCLOSURE

O-i10omaip3 | Dx—"‘ | POWER SUPPLY 2
: +20 VDL

e < & ! D

POWER SUPPLY | | |

R O0-5Voe
TEST SET UP
TEST E@UIPMENT LIST PARTS LIS T
CURRENT WREGULATED -
POWE R SUPPLY } —Lamkds LEI02 DI = TiIxLo2 >
POWER SuPPLY C -‘Hz;/(san M36 -I5A pz = \N217 5
N 7774 - a
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No. VOLTAGE | CURREWT D'VOLT"GE 'o: e _ :
. vbc MA NOSE TO MOSE v« | D374%” |Ry=%"{Ds= |”
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/e |18 4500 | 928 wmv | 7/5 oy !
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4 74.0 s1.7 | ; f
10 . 875 6e.7 | | |
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bbo n ot apera{e wiﬂ\ou.‘!' quetma”oy ®22/8A Weal snk
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READING EMI\TTER [I> SENSOR
No. VOLTAGE , v DC DS
) V\O,IBTCAGE c.u::enT m‘s;o%“ Ve g@ D-':‘(ﬂ"P %" 45/8"}“"'2
i
) Lo 25.0ma| 310 mv 1307wy |
2 14 50.0 402 my |265.85mvl 133.0| 510, 6L v
3 A 75.0 830 ., 376, wv
4 113 100.0 1,073 v 480 wv | 263 m 105 mv|20wmv 3§ my
5 1,19 125.0 [.265 v |578 mv
'A 1,20 150.0 L¥3% v |(655wmvi 359 m |150mv. 49,8 pmy
7 te21 175.0 1.543 v, |728 wv
8 |.2e 2000 |I1.675. |778wv riy¥, 1wy (476w §3 mo
? .23 2250 |1.780v. |B26mv
10 .24 250.0 1.910 v {880 wmv | 5] av |2]8 my 73.5 my,
i .24 2750 I. 790 v |706 wv
12 1.2 & 3000 |2.073. 940wy 562 0, |242mm| 75my 82 v
13 |.2@ 32850 |2.152 v. [970 ™Y
14 26 3500 |2.192 v 987wy [ 5761263 m0 89 2mv
15 127 3750 2.250v |[1Lo12
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21 217. | j i
ce [ 28 a |
23 - arrs :
24 | i |
! :
, .
; | i
i ; ! ;
¢ ! ; | *
|
| Z
i ! 2 ‘
INITIALS | DATE lNlllTleBI.vs DATE TITLE MODEL
CALC R YT |roFebib
CHECK |}
APPD.
APPD.
U3 4038 BOOO REV. 10.64
REV LTR SOoOfINE |NO D5-13268-3
DATA SET 3 ,SECTION | IsH 3  A_3g -




——d

SH 4

PAGE

U S e (RO SR | S
: ;
T T T
B R c2ussgsset sesasia yasie: +r - . —
sadedasgioeh : i B 1
| SRR MR i i e
H CIT L 8 o 4
T + i 2
HH T - Red 5 SES00 SRR (o]
) H 3 HE + - 1Rl BRER: -
Eafassageds “.Jﬂ 1 “ u
it i § o

1
1

1
pe

SEATTIF 14 WASHINGTON

. gaefars :
! itk Ll
8! 3 %Aﬂl pas .v_.
13 i
H i ]
. 132 31 HHE T
1H HH T !
! : T 358 i
HH 11
91{%)«

TR

A-39 THE BOEING COMPANY

waid

et

DATA SET 3

T+

T

[0y




D5-13268-3

REMARKS:

Alignment of the emitter and sensor with the lens cap on the emitter to obtain optimum
coupling is very difficult. It appears that optimum coupling can be obtained with a
separation of 5/8 inch.

The alignment was not critical with the lens cap removed but detected energy at the
sensor was greatly reduced due to the broad radiation cone.
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INITIALS | Date || REV BY | parte TITLE MODEL
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DATA SHEET
' AMBIENT TEMP
READING EMM\TTER SENSOR
No. VOLTAGE | cumment | YOLTASE »¥ O )
_ vbC L M NoSE TO unt' e rz"ﬁ =k
d 0.7 2.3 28mv Vfmel 10 me | 3
c 0,75 2.4 37mv 8 13 ¢
3 0.80 2.45 S50 wmv | 25 17 4
4 0.85 2.5 &4wv | 32 |2/ $
Ky 0.90 2.6 Slwmv | 4 27 |10
e 0.95 2.05 |100wmv | 50 |33 |2
7 1.00 2.75 j2o wmv | ¢ ¥ P
8 .05 2. 8 |43 mv 74 ¢8 22
7 (.10 2.7 172 wmv 1) 60 27
10 1. 15 2,95 1 95 mv | 103 68 3l
" [«20 3,00 218 mv
e 1,25
o 0.7 98 ma | 363 my |28 mv |20l my| 97me
c 0.75 100ma | 482 m | 325 mv| 260mv|[30m
3 0.80 0.3y | 613 mv | #230v| 343w 170,
4 0.85 10.85ms | 781 mv | 52%my [#17my|21¥a,
) 0.70 10.8 ma | 950 m, 638 mv|{510my |262m
5:224 A 0.95 1.0 ma | 1L13] v [ 771 me |61l mv|310a,
7 /.00 11,3 ma | L3 v Q! mv | 718 mv|368ar
8 l. 05 1.5 ma| 1.558 v |1.0#5 v | B50m,|tt2a:
9 /.10 0.8 ma 1.80¢ v 1,222 v | 1.000 ay| 516 md
10 I, 13 1.? .89 v |1.302
I /. 20
12l nes
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| ,
" O« 'I | POWER svrmv 2

+20VDC
— -
POWER SUPPLY
R
TEST SETUP
TEST EQUIPMENT LIST PARTS LIST
POWER SUPPLY | —Lawbds LEI02 DI - TiXx-Lol
4 - -
OWER SUPPLY 2 -TRYGON Mac-isH Ql - LSYX- 600

VOLT ™M - ‘ :
LTMETER 1 -Nathowsy R21| g o 5o ; DECADE Box-GR
VoL T X -FLUK ¥a) :
LT METER 2 E 8038 sz - NS538
AMMETER ! — POLYRANGER 88

AMMETER 2 ~BoonTon ELECTR.
95 A

SAFET Y PRECAUTIONS : Miximuw Curren\' Q"ﬂmu’L Pt= 50 ma

Miximum Voltoge across R S vVDC
INITIALS | DATE HT""::T".:L" DATE TITLE MODEL
TECH - '
cveck R4 Z 11/ Febe , Device Transfer Characteristics -
APPD. _ < ~ TIX~LO! Source and LS-600 Sensor
APPD ' '
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DATA SHEET
AMBIENT TEMP.
READING EMITTER SERNSOR CURRENT _u &
No. VOLTAGE | CURRENWT 5 o - ~ _
vDC M~ NOSE TO NOSE e |D7% =" ;= |
| 1.05 v 2.5 ma| 2.0% 2| 832 .58 | -# | ¥
2 I.o8 5.0 6.80 2.58 11.35 | .7 | .
3 [.10 7.5 16.0 4. 74 |2.55 |1.15 | .5
4 /.12 /2,0 29.0 8.60 |+ 2 .75 | .72
I RN 12,5 1.8 4.0 |6.35 |240 |.87
b 1. 1% 15, C 60.0 21,0 |8.5 |35 |2
> 15 17, 6 80.0 23 4 (IS w5 | 1.¥7
8 I.16 2¢e. L 109 5¢ 2 |10 |5#s |17
9 1,17 22.5 128 1.5 (170 |45 |23
N - 250 150 48,0 |20.8 {7.8 |2.45
T (.18 275 179 55,0 (240 |94 (2.85
e 1.19 0.0 210 bH.0 (275 |N.o |3.¢%
3 1,19 52.§ 238 740 (335 |12.0 |3.8
14 19 25,0 270 20.0 |36.0 |13.5 |43
15 .19 2725 1292  |94l.5 |sL0 1507
A 1.20 40.L 320 100 u7.0 (16,7 |52
|7 /1,20 42.5 370 15 50.7 {182 (57
|18 .20 450 00 123 |550 |17 |¢.2
/9 .21 47 5 $ 45 132 [60.0 |25 |87
2o d otz | s5eol7luss w5 \ew.5 (230 |7
D Do no+ Perform thi's S4Cf lf amL;eh+
-{—ewr:era*l-v.re, exceelds 235%|. Do no+
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- %
ek [RIL lfouék
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REMARKS:

1. Emitter/Sensor alignment for optimum photon coupling for a given separation
is extremely critical.

2, Deviations from the curves plotted on sheet 4 are probably due to the reading
being taken before the effect of self-heating was allowed to stabilize.
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POWER SurPLy 4 | ‘ l____[________-l 5 - NOYE—
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TEST SETUP

TEST ERUIPMENT LiST PARTS LIST

CLRRENT REGULAT
FOWER * soPpLyy "2lambds LE2| Dy - Tix Lp2 IT==—
Ql - L8X-4600

POWER SUPPLY 2 ~-TRYGON M36-I15N
R - 2k™, 7 , 2 w

VOLTMETER | -HATHAWAY R2!
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AMMETER |- PolvRAnGERgg] °° 'V ° 38
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SAFET YV PRECAu*noNs D Maximuw Curren\' Hwaujl. P =450 ma
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DATA

SHEET

AMBIENT TEMP

READING . EMITTER [= SENSOR
No. VOLTAGE | CURREWT D‘VOLTAC"E 'o: e )
voc MA nosE TO »aa:+ e | D7 4” R
(mv) | (V)
{ 1,02 S0 ma 7~ 3 v /
a .05 10,0 25 wmv | Nwe| 3 !
3 .07 /5.0 Bl mv | 2lwv| 7 2
4 1.08 20.0 63 mv | 3/ me |10 3
5 /., 09 25.0 Bb wv | ¥2wv| ¥ 3.3
& 110 50.0 220 wmv | 108wy 35 9
7 /.12 750 378wy | 181wy 58 | 1°
8 113 100.0 539 wy | 262w 83 |22
9 /. /¢ 125.0 703 my |BH0Omv|10F |28
10 1. 15 150.0 BG) wmv {#/5my 130 35
1 I, 16 200.0 1200 572wmvi |79 | 48
|2 .18 2.50.0 1492 7/7w | 224 | 56
13 /.19 3p0.0 | L.8%0 Bifwv |26/ | 68
4 | 119 350,0 | 2090 a13mr|290 | 76
15 .20 4p00.0 | 2313 990w | 312 | 8%
je | 12l 450.0 | 2.6 56 1077 1326190 |
17 1,22 5000 |2758 1160 347193
18 | ).2°2 >{ 5500 |27/2 1204 | 3466 |98
TN AV 600.0 |3130 1257 | 360 | 7%
2o I 1.2v 650,0 | 3257 1295 1392 |78
== Maxipuw Powler Dissipstion (f’vodud’ of v-T)
must not excleed / {wa at |2s%|.
Derote 15 m Wi .
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READING SENSOR CURRENT , w~amp IL,= ;/za.
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FROM oI D2 ] D3 D 4
SHEETY 2
l 3.5 /. 5 N Y
2 12. & 6.5 I 1.5 'y
3 20,5 10, & 3. 5 /.
49 135 5.5 o | s
5 43.0 e/, o 7.0 /. &8
3 10,0 $4.9 1.5~ 4.5
7 183, 90,5 A 7. £
.8 4 gef i 134 | 415 .0 ]
9 351,85 | 170, 52, 14,0
_lo 1445, ! colS 65, | 175 |
0 o0, 1 zae 875 24.
12 | 747} . 3s8. | e 22
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14 /045 ma | 456.5 | 145, 28
15~ /15 ma 475, Y1 85¢, 42
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REMARKS:

1. This combination of emitter (T 1X-102) and sensor (LS-600) was the most
difficult to align for optimum coupling.

2, Deviations from the curves plotted on sheet 5 are probably due to the reading
being taken before the effect of self-heating was allowed to stabilize.
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REMARKS:

The curves on the previous page plotting emitter current with time indicate a stabiliza-
tion time is required to reach a steady state point after forward current changes in
excess of a few percent.

It was difficult to obtain accurate data during the first few seconds due to the difficulty

and time required to make the initial current setting. It can be seen that at least 10
minutes is required for settling when operating in the continuous current mode.
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REMARKS:

The alignment of emitter and sensor for optimum coupling is the least difficult when
the emitter is an LED-11 without its lens cap.

The separation distances noted on the data sheet and curve are referenced from the
emitter junction.
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REMARKS:
The Pinlites are difficult to work with due to their size and flexible leads.
Optimum alignment is difficult to obtain,

The sensor became saturated at both D1 and D2 with the L12-12 emitter.
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FOTOFET APPLICATIONS

Crystalonics' silicon FOTOFET is a light sensitive field-effect transistor packaged in
a TO-18 case with a glass lens top.

An operational circuit is shown below: RL

Re

'+

~MWA-

—
!

1|t}

NEG. BIAS

Operation is achieved by focusing incident light on the gate, With a negative bias applied
to the gate, the focusing of light on the gate junction will increase the gate leakage. This
change in gate leakage, )\Ig, times the gate resistor, R, produces a change in gate
voltage, AVg. The minimum change of gate leakage, Mg, for the FF600 is 75 nanoamps
per foot candle of incident light at 28000 Kelvin color temperature, standard incandescent
light source. This change in gate voltage, Vg, times transconductance, Gy, produces

a change in drain current Alj. This A4 times the load resistor, Ry,, produces the desired
change in output voltage.

Therefore:

Alg x Re = AVe

A Ve x Gm= Ald

Ald x Ru = AVos
AVDs:AngRGxGMXRL

The load resistor is determined by the Ipgg required for operation of the FOTOFET and
should be approximately 1K to 10K ohms, The gate resistor is selected by the speed
versus sensitivity requirement and may be up to 100 megohms. The larger R, is the
more sensitive the FOTOFET is to incident light and conversely the slower its response
time will be. This is due to the R, C. time constant of the gate resistor, R, and the
input capitance.

In the saturated mode of operation such as used for a level detecting system, the FOTOFET
is biased off by returning R to a negative voltage supply of sufficient magnitude to com-
pletely shut off the FOTOFET, The load resistor now can be large in magnitude and there-
fore produces a large change in output voltage versus input incident light,

Switching transient FOTOFET model:
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SECTION 2

FIBER OPTIC EVALUATION AND APPLICATIONS
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APPENDIX A
SECTION 2
FIBER OPTIC AND SOLID LIGHT PIPE INVESTIGATION
Three data sets are included in this section as shown below.
Data Set 1: Fiber Optic Coupling of Emitter and Sensor
Data Set 2: Use of Fiber Optic Bundle to Detect Reflected Light

Data Set 3: Use of Light Pipe (Acrylic Plastic Rod) as a Light Coupling Medium

A-T8
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FIBER OPTIC COUPLING OF EMITTER/SENSOR

TEST PROCEDURE:

1. Use test setup and devices of section 1, data sets 2 and 6 (T1X-L02 Emitter and
LS-600 and IN-2175 Sensor)

2. Separate the emitter and sensor so that the fiber optic bundle B11636 ends
can be mounted flush with the emitter and sensor lens.

3. Record data as indicated on sheet 2.

Fiber Optic

Emitter /—
: ' Sensor
T2 20 "'/q_S"'
N

BNC \

Plug BNC

BNC Connectors ‘ gfl C
Receptacle ' ug
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s 250 | 300 _2bo ] 96
A __._j. 300  3%0 | _2%0 N5 _
7 . | 350  38.0 26.3 133
8 L 400 ; %20 24.5 150
7y, 450 | wso0 31.0 /67
10 LS00 | H%9 23,) 1183
X ) | 600 - 56.0 | 275 2710

NOTE: THE EMITTER WAS FLUSKH WITH THE FIBER EWD
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|
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i i
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i
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I S R SR
SR .
N
”"“ - ’"‘l“—“,";‘;—,_.,_'"
' AR
——— —— - + - 4___7._._%_'7._'_..;;,_ — -4

EMITYER

CURRENT , mae

Phochurron‘l’ in fhe LS-600 and IN-2175 sensors as a fuaction
bf TIX-L0Z emitter forward current when the emitter radiant
enargy Is coupled to the sensors with a three-teot tiber
optic bundle.
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PHOTOCURRENT , wamp

SENSOR

D5-13268-3 -

300
€00
W N-2175 NOSE-TO-NOSE
WITH TiR-L02
100
\—-ENLRG? FROM TI\R-LO2 COUPLED
THROUGH FIBER OPTILC BUNDLE
TO0 I1N-2175.
oo 100 200 300 400 500 600 700

EMITTER FORWARD CURREWT , ma.

Photosensor response of the IN-2175 as a function of TIX-£02 emitter
forward current with nose-to-nose space coupling and with energy
coupling through a three-fobt fiber optic bundle.

The nose-to-nose space coupling curve was taken from data set 2,
section |,

R.4Z [emrdd wevsso | vars
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APR
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1500
X 1L5-600 NOSE-TO-NOSE WITH Tix-L02
1000
O
£
9
-
k
2
u
o
1 4
>
Q
(o]
S
S 500
o
% ENERGY OF Tik-L02Z COUPLED THROUGH FIBER OPTI\C
2 BUNDLE TO LS-600
z : 7
"]
o 100 200 300 400 s00 600
EMITTER FORWARD CURRENT , ma
Photosensor response of the LS-600 as a function of TiIX-L02 emitter
forward current with nose-to-nose space coupling and with energy -
coupling through a three-foot fiber optic bundle.
The nose-to-nose space coupling curve was taken from set 6, section |I.
cacc R4 T I8 Mare | neviseo | oave
CHECK
APR
pros DAT A SEYT | SECTION 2

PAGE
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REMARKS:

The preceding curves show the amount of attenuation experienced when the energy of a
T1X-102 is transmitted through a three-foot fiber optic bundle. The attenuation at
three emitter drive current levels is as follows (quoted as a percent of the nose to nose
coupling): 11.9 percent @100mA., 12.3 percent @mA., 13 percent @400mA.

This was much lower than expected. This large attenuation may be due to the lack of
electrical alignment when using the fiber bundle. The emitter and sensor were centered
mechanically in the BNC connectors, no electrical alignment was possible.
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USE OF FIBER OPTICS TO DETECT REFLECTED LIGHT

TEST PROCEDURE:

1-

Use the devices of Section 1, data set 4 (L12-12 emitter and IN2175 sensor) with
the emitter and sensor mounted in BNC connectors such that the fiber optic bundle,
E11636, can be mounted with the split ends of the bundle flush with the lenses of
the emitter and sensor.

With the emitter current at approximately 11,8 mA determine the sensor output
for various reflective materials at a distance of approximately 1/4'" from the
end of the bundle,

The emitter drive circuitry is that of the optical tachometer of Section 3.

Note all alignment difficulties and perculiarities of reflecting the emitter energy.

L12-12 \
/-) I
IN-2175 S=CO()
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TEST RESULTS:

No quantitative data was recorded due to alignment difficulties. A relative measure of
the reflecting ability was observed and is noted below:

Sample Surface Result Remarks

Aluminum Foil Very good Thin sample used wrinkes easily
and caused alignment problems

Brass Shim Stock .004" Excellent No wrinkles, remains shiny
easiest to align

Copper Good Must be kept polished

White Paint Very Poor

Polished Aluminum Very Poor

The aluminum foil, brass and copper all gave about the same output signal from the sen-
gsor. There was much less signal from the polished aluminum and an almost unmeasurable
'~ output with the white enamel. The IN2175 semsor also detects the fluorescent light
flicker of room lighting. '
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SGV\SOP' ‘such '\'\naf -H\g luu‘h |\1\~‘\‘ FIF! h Flts in be"ween
but +"1H| ogoinst - the lenses. Rocov-( o 14" sensor eurrenl
for 59797./ ermﬂ"cr currcni‘s. LED -l 400

’16

SAFET Y PRE‘AUTIONS : M)Mww\ Cur"n\' H'"“]L ul =TIX-lo] So
'  Maxikeuwm Viltoge serees R = & V¥D¢
INITIALS oATE Rerid- 4/ wvrt,fr , rineg MODEL

TECH R -} - L

cnecx R ) 1 [e3feb 1 .. 1 “Inyestigation Of The Enhancement Of

AN . ~ Light Coupling w‘ifh_Acrynic Light Pipes

U3 4038 5000 REV. 10.54 : , e
REV (TR n:ijo D5-13268-3

DAT A SET 3 ,SEC.'\’ION ZTsH | A8



DATA SHEET
v AMRBIENT TEMP 2545.0-4{ 1.
READING _‘ EMATTER | SENSOR PHOTO cugRE&T ,/Jantp
vo.  fvoLTAGE | cummewt S e
§ _voc ma s n:h|
I
2
3
4
5 -
b
7
8
?
o__ T DR & _
i) 13 |43,
12 192 {95
SR N TR 510 [275
isfe| 108 | iy 4V leoo 20
/6 1.10 1.7 650 1380
17 (.15 1. 95 650 400
|18 |.20 12.20 510
19 1,25
20 Y .
INITIALS | DpaATE l:f;'l‘i" DATE TITLE MODEL
TECH
CHECK
APPD.
APPD.
REV TR - o SOS/VNG |NO  D5-13268-3
. 'DATA SET 3, SECTION £ |sn 2 A-88




D5-13268-3

HHLIWVIA HONI HLHDIM-UNO ANV DNOT HONI ATVH HINO SI ddId LHOIT dHL “HOSNIS
O.L ADYUNOS WOHI ADHUINYT THL AT1dN0D OL AdASN AdId LHOIT OLLSVId OITAUDV
NV HLIM HOSNIS 009-ST ANV IDHUNOS LHOI'T AdOId 10T-XT.L AHL 0 dN-LAS LSAL

ddid LHOIT

SECTION 2

DATA SET 3,

A-89




D5-13268-3

"ONOT HONI JA"TVH-INO
SI HdId LHOIT dHL “ddId LHOIT OLLSV1d OITAUDV HHL VIA ddTdNOD ST ADUANMI
AHL "HOSNHS 009-ST AHL ANV (SNAT LAOHLIM) AD¥NO0S TT-AA'T AHL J0 dN-LAS LSHL

DATA SET 3, SECTION 2

A-90




DATA SHEE!

MAMBIENTY TEMP

EMITTER B SENSOR
| ' VOLTAGE , VDT PHOTO CURRENT
| VOLTAGE | CURREWY - —— vy ST CURRENT
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PHOTOCURRENT , wvaomp

- v TR
| D5-13268-3: ]

PIPE COUPLED
%% "

:

AIR COUPLED (%’5-7

AR courLeD(¥)]

o N3 70 11 12
PINLITE  CURWENT , wme.

Phaotocurrent im LS-600 sensor as a function of Li2-12 piniite forward
current with and without light pipe energy coupling. The source/
sensor separation was both 1/4" and 1/2". The light pipes were made
of acrylic plastic; the 1/2" pipe was 1/8" diameter and the 1/4"
pipe was 1/16" diamater. .

The curves for sensor response without |ight pipas was plotted feem
data in set 8, section |.
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PHOTOCLRRENT

SENSOR

. D5-13268-3

20

10

40 ‘“——Lighf Pipe Coupling

Air Coupling (1/2")

(2] 10 20 30 40 S0
EMITTER FORWARD CURRENY , ma,

Photocurrent in LS-600 sensor as a function of TIX-LOl emitter
forward current with and without light pipe coupling. The
emitter/sensor separation in both instances is 1/2 inch. The
light pipe is made of acrylic plastic and is 1/2 inch long and
1/8 inch in diameter.

The curve for sensor response without the light pipe was plotted
from data in set 5, section |.
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Remarks:

I. The lucite rods were machined from a larger rod. One rod was turned
down to 1/8" diameter and 1/2" long. The other rod was turned down
to 1/16" diameter and 1/4" long. The finish on the circumference of
both rods was equivalent to the original finish (best possible finish
with shop equipment) and the ends of the larger rod were finished the
same. The ends of the smaller rod were not finished quite as wel! as
the rest.

2. The test setup and an enlarged detail of the light pipe location
relative to the emitter and sensor are shown on Page |.

3. The alignment was extremely difficult to accomplish for maximum
coupling. The position of the sensor appeared to be more critical
than the emitter. Optimum coupling into the sensor occurred when
the sensor was off the centerline and close to the outside edge of
the light pipe.

4. The sensor output was measured across the 2K“* series resistor for
the LED-II and the TIXLOI. A 30 K™ series resistor was required
with the L12-12 because the sensor saturated with a very low signal
otherwise.

5. The coupling measurements for LED-Il emitter and LS~-600 sensor were
recorded twice. Between recordings the emitter and sensor were
purposely misaligned and realigned.
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SECTION 3

OPTOELECTRONIC DEVICE APPLICATIONS
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APPENDIX A
SECTION 3
OPTOELECTRONIC DEVICE APPLICATION
Data sets included in this section are:
Data Set 1 - Unijunction Transistor Oscillator Circuit Checkout

Data Set 2 ~ Evaluation of Unijunction Transistor Oscillator, with Optoelectronic '
input (Raysistor), as a voltage-to-pulse-rate converter (Limited Range)

Data Set 3 - Evaluation of optoelectronic coupling of 4.8 kHz oscillator output in
static inverter

Data Set 4 - Application of light source, sensor and fiber optic bundle in an optical
tachometer

Data Set 5 - Use of light sensitive FET as gain control switch with operational
amplifier .
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SIGNAL CONDITIONER:

This circuit investigation was performed as preliminary design information for a
voltage-to-pulse rate signal conditioner using optoelectronics.

Data on the operating frequency range as well as the output frequency versus timing
resistor variations was obtained.
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D5-13268-3

SIGNAL CONDITIONER USING OPTOELECTRONICS

The following data set describes an application of a light source connected to a voltage
to be measured. The sensor is a photoconductor (light dependent resistor) connected
as a timing resistor in a unijunction oscillator circuit. The frequency output is pro-
portional to the input voltage.

This application is to demonstrate the feasibility and not to provide a finalized design.
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TEST SET UP
>1" 4 +20vbe
+675 voc
w
g -
: | & R
2 > | 2
. D RS .COUNTEE
. 82 DUTPUT €
~.
\4 QI
d_ .
'FCT ¢
TEST EQUIPMENT LIST PARTS LIST
POWER SUPPLY - 10%20VDC QIi- 2N2160 NIT 2)
VOLTMETER | - FLUKE S803B Ri~- 100™ %Bw 5%
VOLT METER 2 -FLUKE 8038 RE- 470" Bw 5%
R3- 20 K™ vpoT
c - K 7370
CUNTER BECKMAN R4/ = ck1116  RAYTuEON
RS — 2K* PoOT
CY - 02 pFd
R4 - 357~ 9
R7 — |10 K™ Yw R34
R8 — /O K™ Vaw &%
CRI -~ IN 744 (3.3V)
INITIALS | DATE I;f,‘;A'L', DATE TITLE MODEL
CALC OSCILLATOR WITH OPTO ELECTRONIC
cHeck RS L 2MARG INPUT COUPLING USED AS A
APPD. VOLTAGE TO PULSE RATE CON-
APPD. | VERTER FOR LIMIT MONITORING
U3 4038 8000 REV. 10.64
REV TR SOEING |NO- D5-13268-3
DATA SET 2 , SECTION 3 [sn A-108




DATA SHEETY
RAYTHEON “RAYSISTOR" N UNIJUNCTION OSCILLATOR
OUT PUT _ PULSE RATE =
READING | INPUT V= 200]| V,222 | V,=e.¢
/ /18,00 we| 1952 ces
- | 18.60 | 1987 | _ )
2 19.0 1966
. 19.3 1274 B S S I
Yy 19.6 1990
_ & _ 19,8 2002
7 20.0 20/é
.8 | 202 | 2o3¢ S S ] o
14 20.4 2053
10 20,7 2088 |
" 21.0 anz
-y ar.s | 2181 |
13 22.0 2250
14 ee.s 2309 N 1
15 19,0 1919 cps
lé  } 17.3 | | 1794 _ _
{7 19.6 1970
/8 /9.8 1982
/> c2o,o0! )99/
20 20.2 2001 o
2/ 20,4 201/
..ee_ 20.7 .aoes .
23 2.0 2036
e | 2.5 goss | L
¥y 19,0 1975 cprs
26 19.3 1983
c7 19.6 1 990
28 19.8 ) 994
29 20,0 1997
30 2o0.2 | 299
3) 20,9 2003
32 &o,?7 2007
33 2.0 2010
34 2.5 20l6
35 22,5 2027 |
[&>ADJUST R3 wEQR L QUTRUT) PULSE RATE OF 2kWg WITH V2 AT 2ovbe
[ AbiusT RS FoR INMCATED VALLE OF V) WITH V2 AT APPROX. 20 Vde
INITIALS DATE "I:f;Aiyl DATE TITLE MODEL.
CALC
cHeck IR Jd 77 Mor, l
APPD. ;"
APPD. "

U3 4038 BOOO REV. 10-64

REV TR

DATA

SET

2

SOEING | No. D5-13268-3

SECTIiON 3 ISH.
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Vi= 2.6 VDC @ 20vVDL

X"—— v|= 2,00 VDC
@ 20 voe

1%0 2000 2100 2200
ouTPuT PULSE RATE , Hg

OUTPUT PULSE RATE OF OSCILLATOR WITH OPTOELECTRONICG
IWPUT COUPLING AS A FUNCTION OF THE. 'NPUY VOLTAGE
FOR VARIOUS "RAYSIBTOR™ OP ERATING RANGES .,

CALC IR J T lie Mar REVISED | DATE
CHECK
APr
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REMARKS:

1.

The Unijunction Transistor Oscillator Circuit was added to the RAYSISTOR
voltage monitor circuit as a demonstration of a possible application of this
device with a signal conditioner for voltage monitoring within tolerance limits.

Due to the inherent non-linearity of the RAYSISTOR, the output pulse rate is
not linear with input voltage. The RAYSISTOR is a photon coupled device con-
sisting of an incandescent bulb and a photoconductive cell in a TO-5 can. Due
to self-heating a finite stabilizing time is required to reach a repeatable out-
put. Before each set of readings was made, the output pulse rate was adjusted
and allowed to stabilize at 2000 Hz. Then the voltage, V2, was readjusted and
rapid readings were made. For V1 = 2.2 and 2.6 VDC the voltage, V2, was
set at the low end first. The other set of readings was made with V2 set at the
high end to start.

The stabilization time may be as high as 10 or 15 minutes, but the frequency
drift was only about 6 or 8 Hz in the first 10 minutes. This accounts for the
fact that even though the output was set at 2 kHz at 20VDC the pulse rate was
different during the rapid measurements. The slope is important here. The
output woltage to be monitored would not drift this fast, so to properly evaluate
this device, the curves of sheet 3 may be shifted to the center frequency at 20
VDC.

The application here would be for monitoring power supply output. For any
supply voltage the input can be adjusted to operate on the same point of the
RAYSISTOR. From the curves it can be seen that, for applications where tight
tolerances and high resolution is required, the RAYSISTOR would be operated

at lower voltages than if wider limits were allowed on the voltage to be measured.
Also, for more resolution, higher frequencies (such as 5 kHz) may be used.
About 8 kHz is as high as is practical for this circuit,

A table of operating points could be derived as follows:

(example only)
Adjust Raysistor Range For:
(with center frequency of)
For Limit @2000 Hz @5000 Hz
of V1 V1
+ 2 percent 2.0VDC 2.2VDC
+ 35 percent 2.1VDC 2.4VDC
+17 1/2 percent 2.2VDC 2,6VDC
X 10 percent 2.4VDC 2.8VDC
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Voltage - to - Pulse Rate Converter:

Operating Instructions:

2.

Notes:

Connect voitage to be measured to input - Observe polarity, Adjust
to nominal value if not already.

Connect voltmeter to range (+) and - input (-). Adjust "range"
pot to produce 2.1V + .05VDC at range test point.

Connect counter to output. Adjust "Freq." pot to produce desired
output frequency (see notes).

Varying the input voitage will change the voltage drop across the
"RAYSISTOR" input and, therefore, the output frequency.

Operating Point of "RAYSISTOR" = 2, to 3.5 VDC

Operating Frequency range of UJT Oscillator;l KC to 8 KC

INITIALS

CHECK

caic  IRIT  [mar F

APPD.

INITIALS | DATE u REV BY | paTE TITLE MODEL

APPD.

l
|

U3 4038 BOOO REV. 10-64

REV LTR

SOSING |NO D5-13268-3

DATA SET 2, SECTION 3 [sH A-112
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DATA SET 2 , SECTION
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FOR \WPUT CIRCUI'T PROTECTION OF THE “RAVYSISTOR”:
INPUT
INPUT RESISTANCE OF CXIlle = 200 ““Hot
Ri (10 wa)
FOR D! USE IN747 - 3.6V 0%
Re FOR R) AN D R2Z2 A SSUME |NPUT
~1--=- _ RANGE OF 8vbc To 2z voe,
(
DI N gl and opefa{'nq current of
CKilG -
G o ma, (Vwn,, = 2VDC)
- 8- _ n
(R‘*RE>M\P\) = Toxie3 - @oo
. 22-2
(R‘+R2)M0K S Joxip3 = 2 K
Use RI = 320
Re = o h 2K
INITIALS | DATE .:f,}’l"’_". DATE TITLE MODEL
CALC RsT [arebe

CHECK

APPD.

APPD.

U3 4038 8000 REV. 10-64

REV LTR

‘ﬂ'l”ﬂj NO. D5-13268-3

DATA SET 2 SECTION 3 IsH. A-114
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PULSE COUPLING WITH OPTOELECTRONICS

Data Set 3 is an application of optoelectronic devices for pulse rate output coupling,
A pre-packaged device and a combination of a source and sensor were evaluated.

The source/sensor combination consisted of a T1X-L01 diode light source and an
LS-600 silicon light sensor. An amplifier was used as an output signal conditioner.
The gyro supply output of a 450 V., A, static inverter (GFE) was used as the pulse

rate source. The waveform is a 4.8 kHz square wave operating from 0 to + 18 VDC,
(Note: Since the reverse breakdown of diode light sources is only 2 to 5 volts, caution
must be used such that pulse rates or steady state dc voltages do not reverse bias

the emitter. The sensor must be reverse biased only. )
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The first of the following set of photos (Emitter Input-Sensor Output unloaded shows
the square wave output driving the T1X-1.01 source and the decoupled LS-600 sensor-
output from the frequency standard in the static inverter, 50M03398. Device capaci-
tance, rise time and fall time distort the waveform. Saturating the amplifier provides
the squared waveform with increased amplitude necessary to trigger a counter,

The second photo in the set (Emitter Input-Sensor Output) shows the input and output of
a hpa 4301 photon coupled isolator. Without additional amplification the 4301 had to be
driven too hard, requiring excessive current drain on the frequency standard.

The third photo (Upper Trace) shows the result of adding an amplifier stage to the 4301
output. The output is of sufficient amplitude for a counter input, and the current drain
on the frequency standard is reduced from about 20mA. to less th 6 mA, The circuit
has complete isolation between input and output with unilateral information transfer.
There can be no feedback from the measurement circuit into the oscillator circuit,

The waveform shown in the fourth photos (Upper Trace) shows the decoupling circuit
output when the circuit is connected to the terminals of the static inverter. For the
convenience of demonstration the internal +20VDC supply was used, providing test

point isolation but using a common ground. A switching transient can be seen on the
output. As a demonstration of circuit reliability the diode light source may be shorted
without harming the frequency standard. In addition, the load on the frequency standard
is the same whether or not a measurement is being made.

Some additional waveforms are sketched in the drawing entitled 4.8 kHz Decoupling
Using hpa 4301 and T1X-L01 and LS-600 and indicate the waveforms of the output
circuits without amplifiers, showing the enhanced waveshape with added forward
current in the light source.
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4.8 KHa +20 VDC

INN38

LS-600
Tix-Lor \/—=—¥" 10 k" +15V

é8k" PHILBRICK -+
P75 %

EMITTER INPUT 4.8 XH=z
VERTICAL: 20 voLTS/cwm
HORIZONTAL: SO msec/Cm

SENSOR OUTPUT (UNLOADED)
VERTICAL | .5 VOLTS /tm
HORIZONTAL: $0 usec /cm

EMAYTER INPUT 4.8 KHz
VERTICAL ; 20 VOLTS /Cm
HOR\ZONTAL: 50 usec /tm

AMPLIFIER  OUT PUT
VERTICAL ! 20 VOLTS/Cwm
HORIZONTAL: 50 Msec /e m

INITIALS | DaTe || REV BY | pare TITLE MODEL

INITIALS
CALC RS T [iinay
CHECK

APPD.
APPD.

U3 4038 8000 REV. 10.64

REV LTR BOEING |NO D5-13268-3
DATA SET 3, SECTIoN 3 IsH  A-117




EMITTER
VERTICAL S
HORIZONTA L

+20VbdC

INPUT 9.8 KH;z
20 VOLTS /Cm
S0 gsec /Cm

SENSOR OUTPUT
VERT\CAL : .5 VoLTs /tm

HORIVZONTAL: 50 usec /ewm

INITIALS

DATE TITLE

MODEL

CALC

ﬂ REV BY
DATE } INITIALS

CHECK

APPD.

APPD.

1

U3 4038 8000 REV. 10-64

REV LTR

DATA

SOE/ING |NO- D5-13268-3

SET 3, SECTION 3 |sH.
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STATIC

UPPER TRACE
MEASURED AT TB5-37 (N

hpa 4301

TBS5-54¢

+20 vybdC

P 4.8 KHgz

INVERTER

VERTICAL — 10 V/Zcm

HORIZONTAL— 50 uMsec /cm

LOWER TRACE @ SENSOR
OUTPUT — MEASURED AT
SENSOR AMPUFIER
OUTPLY. THE AMPLIFIER
'S CONNECTED TO TwE
INTERNAL +20 VDE

SLVLPPLY

INVERTER ,

IN THE STATIC

IS THE SAME FOR \NWPUT
AND OUTPUT.
VERT\CAL — | V/m

HOR\VZONTAL — $0_«SECLM

THE COMMON

REV BY
INITIALS DATE " INITIALS DATE TITLE MODEL
CALC |!3) Z

CHECK

=

APPD.

I

APPD.

U3 4038 BOOO REV. 10-64

Pulse Rate Coupling Out Of S-1 Static
Inverter - Provides Decoupled 4.8 KHz
Output For Further Processing

REV LTR

DATA SEY 3,

BOEING I NO. D5-13268-3

SELTION 3 IsH.  A-119



48 KHz 37 +20 voe

4.8 KMz
28 V COM __|

- TIME

UPPER TRACE:@ 4,8 KH2
MEASULRED AT TBS-37 N
STATIC INVERTER
VERTICAL -~ |0 VOLTS/CcM
HORI ZONTAL— 50 4 SEC/C™

LOWER TRACE ! SENSOR OuTPUT

MEASURED AT SENSOR AMPL\FIER
OUTPUT WHICN 1S CONNECTED
ToO AN EXTERNAL +20V
SUPPLY FOR COMPLETE
\SOLATION,

VERTICAL - 2 vDLYS/CM

HORIZONTAL = 50 uSEL/CM

REV BY T MODEL
INITIALS DATE“"AINITIALS DATE TITLE ODE

CALC 5
RIT eSmard Pulse Rate Coupling - Provides Decoupled

APPD. .
Further Processing

APPD.

C
sl JI 4.8 Kc From Static Inverter For

U3 4038 BOOO REV. 10-64
REV LTR SDEING | NO- D5-13268-3
DATA SET 3, SECTION 3 [sH 4z 19




18 VPP

SQUARE WAVE OUTPUT
OF STATIC INVERTER
FREQUENCY STANDARD

400 wmv p-p

1.7K 1IN SERIES
WiTH EMITTER

hpa 4301

o™ n steies
WITH sensow

DECOUPLED OULTPUT
OF PHOTON COUPLED
\SOLATOR hpa 430

S0 my P

400" N stries

-~
WATH  EMTTER £8 K™ (N

SENSOR

hpa 4301

SERIES W TH

DECOUPLED OUTPUT
OF PHOTON COUPLED
ISOLATOR hps 430)

1.5 v PP ,/

V4
17K (N sERIES / TIX-LO|
WiITH EMITTER LS-&a00

G2K"™ \N SERES
wWIiTw SENSO PR

DECOUPLED OUWTPLT
USING Tix-Lol
SOURCE AND LS-400
SENSOR,

INITIALS DATE

REV BY

INITIALS | PATE TITLE MODEL

CALC

48 KH2 DECOUPLING USInNG

CHECK

hpa 4301, AND TIX=-LO! AND

AreD. I LS- 600
APPD. "
U3 4038 BOOO REV. 10-64 -
NO. 5-13268-3
REV LTR Sos/ING |N©- D
DATA SET 3 ,SECTION 3 [sH  A-121
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FIBER OPTIC APPLICATION - OPTICAL TACHOMETER

1. As a demonstration of several optoelectronic components, a tachometer was
built employing a light source and a light sensor connected by optical fibers.
This circuit demonstrates the use of an indandescent light source, the trans-

mission of light with fiber optics, and the sensing and amplifying of light pulses.

In addition the gathering of reflected light was evaluated.

2. The emitter/sensor combination selected for the tachometer was chosen because

of the broad energy distribution of the incandescent bulb and the broad sensitivity

curve of the sensor, as well as the low current requirement of the Pinlite.

3. The reason for developing the optical tachometer was not for the sake of designing

a tachometer, but was to demonstrate the use of optoelectronic devices (such as
emitters and sensors) from the packaging and handling standpoint along with the
associated driving and output circuits. In addition the handling and use of fiber
optics was demonstrated.

The things learned from this experiment include:

a. Difficulties in optical alignment;
b. Difficulty of handling the emitters;
c. High current requirement problems.

4, In breadboarding the tachometer the 60 Hz noise was as large as the coupled
signal due to the high impedance sensor circuit. This difficulty and alignment
were the two main problems involved with optoelectronic devices in this
application.
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PACKAGED TACHOMETER INCLUDING THE LIGHT SOURCE, DRIVER
CIRCULIT, SENSOR, SENGOR AMDLITIER, METER AMPIIFIER METER

AND BATTERIES.

EMITTER/SENSOR END OF TACHOMETER.
THE EMITTER IS ILLUMINATED.

DATA SET 4, SECTION 3
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TACHOMETER CONNECTED FOR OPERATION., THE FIBER OPTIC
FTASSES LICUT TO THE REFT.ECTIVE MATERIAL ON THE SHAFT.
THE LIGHT IS REFLECTED BACK TO THE SENSOR AMPLIKIED AND
SENT TO A COUNTER.

CLOSE-UP OF THE MOTOR SHAFT WITH SEVERAL DIFFERENT
REFLECTIVE MATERIALS AND DETAIL OF THE FIBER OPTIC
MOUNTING TECHNIQUE.

DATA SET 4, SECTION 3
A-124




DATA

SHEET

OPTICAL TACHOMETER

Oufru‘l’ Wave form
SWEEP — RIGHT To LEFT

Upper trace ; S V/cw

ams/c m Honzah'hl

BaH’ow\ Trace,‘ b‘VCM \/ev‘hcé'
/ ms/cw Hovfzoubl

Motor S peed : Arrrox 7500 RPM

VcV'hcd(

Outpul Waveform

Sweep -— R\‘S\\" to left

av/ewm Vvert+ica/

e S S S S AV S Pt

2 milisec /o Horizon Fal

Mstor SFGOJ —Aﬂzrox. 7500 REWM

INITIALS | DATE ‘:f,;’mal_ys DATE TITLE MODEL
CALC
check | f E [22Febil
APPD.
APPD.
U3 4038 B00OO REV 10-64
REV (TR BOEING |N° D5-13268-3

DATA SET 4 , SECTION 3 sk
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OPERATING INSTRUCTIONS:

1.

The tachometer can be calibrated using the fluctuating output of a fluorescent
light. For applications producing one light reflection per revolution the meter
should be calibrated for 7200 rpm by adjusting the potentiometer. (Two pulses
per revolution require an adjustment to 3600 rpm, etc.)

Since the light source causes a 12mA drain on the batteries, they may need
replacement often. If in doubt as to the light output, an oscilloscope may be
connected to the counter output jacks (meter need not be on) and the output
waveform observed. It must be a good reliable square wave. The fiber optic
alignment becomes more critical as the battery deteriorates.

Fiber optic alignment is begun by mounting the end approximately 1/4 inch from
the shaft and perpendicular to it. The shaft is rotated at about 5000 rpm and
with the oscilloscope monitoring the counter output, adjust the fiber optic for
the best square wave.

If it desired to shine light from the emitter, through a light interrupter, and into
another fiber optic to the sensor, the single fiber optic bundle may be connected
to the sensor and one half of the split bundle used to transmit the light from the
emitter.
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DATA WAS TAXKEN
UNAT WAS CALIBRATED AT
MON\ITORING THE
THE

THE FOLLOWING AFTER THe

7200 RPM BY
FLOURESCENT LIGHT

WAVEFORM WAS THEN MONITORED
MOTOR WAS

FLUCTUATIONS,
WHILE THE
VERIFY THE ALIGMAME YT
A RELIARLE SQUARE WAVE

THE ™MOTOR SPEED WAS TWEN VARIED
AND THE METER READING

RUNNING TO
BY ADJUSTING ¥OR
OUTPULT |

ARND PULSE RATE WERE

RECORDED.
COUNTE R MOTOR SPEED METER READING
READ OuUT COMPUTED FROMWM

-r.P.S. COUNTER READOUT R P M

3g4 7730 RPM $so00
300 000 8900
eg8o 8400 8400
240 7200 7200
goo 6000 6100
/8o 5400 S 3200
/5o 4500 44c0
leo . 83400 3e00
80 2400 2400

CALC

ll REV BY
INITIALS DATE INITIAL S DATE

CHECK

TITLE ’ MODEL
RJIZ ZtmgqF

APPD,

APPD.

U3 4038 BOOO REV. 10-64

I

REV LTR

SOEING I No. D5-13268-3

DATA SET 4 , SECTION 3 |sh
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RPM

METER READING

TACHOMETER

D5-13268-3

10,000

000

7600

6000

$000

4000|

3000

2000

1000

o 50 100
SHAFT SPEED , REVOLUTIONS PER SECOND

TACHOM!TER METER READBING VERSUS ACTUAL SHAFT SPEED.
TWO PULSES PER REVOLOLTION WERE USED TO SMOOTH THE

POINTER FLUCTUATIONS AT LOW SPEED.

150

CALC

RAL T WMl rEvisep | paTE

CHECK

APR

DATA SET 4 , SECTION

APR

3
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|
|
l ‘ DEMONSTRATION TEST:
|
As a demonstration of an optoelectronic application to DC measurements, an easy

demonstration set-up can be made.

| 1. Use a DC power supply as the voltage to be measured. The current drain for
| the two sources used is from 10mA to 600mA.

2. Use the three-foot fiber optic bundle B11636 with the BNC connectors.

3. Use either the T1X-L02 or the LED-11 in the BNC plug modified to serve as
a heat sink. Connect it to the BNC Receptacle on the fiber optic bundle.

4, Press the LS-600 sensor (mounted on the TO-5 header) into the BNC plug on
the other end of the bundle.

+DC
R
3 +20 VDC
Fiber Optic Collector
. | - Bundle — < LS-600 Pressed
20 { -_— into Plug
$———0 Output
Cathode BNC Receptacle  pgnc Plug__7 ) ?
— (Part of Bundle) (part of Bundle) % S5KQ
| BNC Plug
| (with source) %7
5, Choose R such that the source current is within the range of the device. Observe

| polarities. See Section 2, Set 1.
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PHOTOSENSITIVE FIELD EFFECT TRANSISTOR APPLICATION:

An investigation of the use of a photosensitive FET as a light sensitive switch in an
operational amplifier feedback circuit is described here.
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_____ =
: POWER POWE R
| SUPPLY-2 @ SUPPLY-S
1‘11":.5!9"_ _— =
POWER +
SUPPLY-I Qs)E
o
O TO 500mv. ~ |
rs. 4
TEST SET-uP
TEST EQUIPMENT  LIST PARTS L\ST
POWER SUFPLY ! : FLUKE 470D OPERATIONAL AMP: BURR-BROWN
’ 2: KINTEL 30\ 1901
3P 721 A R, ! J10K*"
4 : TRYGON WM36-I15A
R. : -~
S HARRISON 6244A 2 }fo K
Re © 10K*-)00K™ DECADE BOX
VOLTMETER | i HP 3440A ' o
R '
2 WP 3940 A [ | Megoum
3:HP 3440 p Q' ! PHOTO FET "FF-é0oO
CRYSTALONICS
AMMETER | ¢ WILLIAMSON DV : TiX-Lo2 T. I.
VOLT/AMMETER
SENSITIVE RESEARCH D 2 : IN-538
SET-UP . INSTRUCTIONS

l. CONNELT Rg TO AMPLIFIER P\N )

2. ADJULSY POWER SUPPLY | TO +%500 myv

3. ADJUST POWER SUPPLY & FOR SUFFICIENT CURRENT TO
SWITCH  THE FET TO THE CONDUCYTING STATE-— RECORD DATA

4. ADJIUST POWER SUPPLY 5 FOR INCREASED CURRENT -RECORD DATA

5. CONNELT Rg To FOWER - BUPPLY. 2 AND REPEAT STEPS 2 THRU4

. -
¥ . .

INITIALS on?ﬂlsﬂ'l:l_" DATE TITLE S .,.‘ MODEL
CALC
— INVESTIGATION OF PHOTOSENSITIVE
pres FET AS GAIN CHANGE SWITCH WITH
i OPERATIONAL AMPLIFIER
APPD. ||

U3 4038 8000 REV. 10-64

REV LTR SOEING |NO-  D5-13268-3
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SHEET

AMPLIFIER

GATE FEEDBACK | EMITTER | EMITTER |_OUTPUT VOLTAGE
INPUT VOLTAGE |RESISTOR Ry CURRENT | CURRENT | cgy FET
WHER®E® FET HERN TPOY
VOLTAGE Vo Witk FET |STARYS Tolmeacemcn | condueting| sworTED
S ka) ———— —
+ 499,66 my 27. 5 ma
Re Tred 75 me [+2.49 v |+2,478
Yo InPUT SEme [42.503 12,483
PInN o ma +2.49/
t497.6 mv 1494 ma .
400 me [+3,335v |+ 3.332V
290 ma |+3. 3464V |+ 3,340V
O ma +3,.498)v
4$797.é6 m 3085 me
350 ma |+4.311 v 1+4.294 v
450 Mma [+4.2785Vv {+ 4,244 V
O wma +4.468v
450 ma +4. 253y
T —_— - SUUEE ORI S R _— . N
(REQUIRES TOO ™MUCW EMITTER CURRENT)
S50 ma
494 8 my | -775,9 mv 6 3.5 ma
185 me |+/,494V |4+). 484 v
150 ma |+ /491 v |+1,485vV
0 wmo +1.4985v
474,0 mv |~775.9 my 185 ma
300 ma +2.479Vv |+2. 472 Vv
400 ma +2,477v | + 2.472V
0 wma + 2. 472v
493,83 my | =774,0 mv 340 ma

(DRIFTED TO

390 mo n
A FEW
MINLTES

500 ma |+3.470V + 3,457v
600 ma |+ 3.464V | » 3.45¢Vv
0 ma + 3.456V

TEST SET-UP FOR ABOVE

DATA

SHOWN ON SWEET |

INITIALS

DATE

TITLE MODEL

CALC

CHECK

APPD.

INVESTIGATION OF PHOTOSENSITIVE FET
AS GAIN CHANGE SWITCH WITH OPERATIONAL

AMP IN NON-INVERTING MODE
APPD. "
U3 4038 8000 REV. 10.64
REV LTR .a‘-’”BINOA D5-13268-3
DATA SET S5, SECTION 3lsH.  A-133



Ve
POWER
SUPPLY

2

SueeLyY

+

SuPPELY
.

EMITTER
POW ER

outTPuUTYT VOLTAGE
AMPLIFIER ;| GATE FET FET IW\TH LIGHT 'NCIDENT ON | FET  DISCONNELTED
INPUT VOLTAGE [0\SCONBNECTEN REVERSE FET GATE FRoM R\ —
: EMITTER FEY FEYT
VOLTAGE % From ®, | BIASED CURRENY |CONBUCTING |SworTYED | RI  SHORTED
( ﬁ‘b;:;]ok“- 017, 3 R\ S5IK* |7 s Ra=49Kk™ |7 )
+/.003 VDL ~5,005V | -10.002 |-10,002 | 665 mal-4.75V |-4.78v
-1,004 V -9,00S5V|+10,002 [410,002| 490 ma |+5.072V|+5.054V
-l,oo\ VvV 740 ma +5.037v + 4,896 V
+1.000V | 740 wma -4.750V] - 4.893vVv
%
’ I
(Rin= 1K 1% 1 Ri=I1OK™ 17 Rzz= 1ox™ /% )
+499.92 mv -9.032Vv | -2.P5 V | -9.95V | 420 ma |—4,972V |-4.240V| -4 97V
i
~500,.5 wv ~0032V|49, 975V | +9976V|5/0 ma |+5.053V|+5.0]/4V| +4,978
{
; Rg 23 7Mey
i
(Rin_CHANGED _To I10k™.I% 3 Rg CHANGED To 3.7 MEG* )
-499. 8 my -%0I2Y |+).001 V {+1.002V 540 ma |+52%.6mv] +5259mv| *+ 498.494 myv
+499.1 mv |-Rola v|-/.005V [-1.003V | 535 ma|-4B0.4wv|-476,8Bmv| - $04. | mv
INITIALS DATE TITLE MODEL

CALC

“ REV BY
DATE H NITIALS

CHECK

APPD.

APPD.

|
I
|

INVESTIGATION OF PHOTOSENSITIVE FET
AS GAIN CHANGE SWITCH WITH OPERATIONAL
AMP IN INVERTING MODE.

U3 4038 B0O0OO REV. 10-64

REV LTR

DAT M

SET

SOEING | NO D5-13268-3

5 SECTION 3 |sH.
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+5037V f—y—

+4.89% v \

AMPLIFIER OLTPUT WITH FET SHORTED
FRO™M DRAI\N) TO SOURCE —~UNSYMETR\C AL
0 o
AMP OUTPUT WITHOUY FET
—-4.75 v

—4.893y
AMPLIFIER GAIN=-10 , INPUT-/0 k™
+5.053yv
+5.014V
~4,978YV
AMPLIFIER OUTPUT WITW FET
CONDULTING —UNSYMETRIC AL
o AMP. OUTPUT WITH FET
SHORTED - UNSYMETRICAL
AMP. OUTPUT WITHOUTY FET
- 4,940V
-4.97 vy
AMPLIFIER GAIN-ID , INPUT - | K™
+52%6 my
+5259 mv
*498.4 my
AMPLIFAER OUTPUT WI\TW §FET
CONDUCT\NG ~- UNSYMETYTRICAL
AMP. OUTPUT WITH FET
SHORTED — UNSYMET R\C AL
AMP. OUTPUYT WI\TWOUY FET
~476.8 my
~480.4 hv:
m504.1 my AMPLIFIER GAIN—) , INPUT —/0 K=
INITIALS | DATE lr':frv'::s DATE TITLE MODEL
cac |RJIZ M GRAPHICAL DESCRIPTION OF RESULTS OF
CHECK I INVESTIGATION OF EMPLOYING PHOTO-
APPD. I SENSITIVE FET AS GAIN CHANGE SWITCH
APPD. Il WITH INVERTING OPERATIONAL AMPLIFIER.
U3 4038 8000 REV. 10.-64
REV LTR SOEING |NO  D5-13268-3

DATA SET &, StcTioN 3 [sn  p-135
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REMARKS:

1. The data on sheet 2 was recorded with the amplifier connected in the non-
inverting mode, such that the output was more positive than the input used
(N-channel FET)., This allowed the gate resistor, Rg, to be connected to
the input for biasing rather than employing a separate DC bias supply. In
this mode the drop across the feedback resistor provides the turn-off bias.
It was found that with less than 40K gthe FET would not turn off.

2. The light current caused by the incident photons produces an error voltage at
the amplifier input, which results in an offset voltage at the output. The error
is negative, producing an output error of from 30mV to 250mV more positive
no matter what the true input signal polarity is.

3. The gate to source breakdown voltage (10VDC) causes a limitation in the maxi-
mum allowable negative drain to source voltage. The amplifier used could
provide up to + 13.5VDC output. With the full negative output at the drain the
FET could not be turned off. In order to use the amplifier with both polarities
the feedback resistor arrangement used in the test set-up on sheet 3 was
necessary. Maximum drain to source voltage would be one half the maximum
amplifier output (approx. 7VDC).

4. When the amplifier output (drain voltage) was more positive than the source,
the switching action was very fast due to the biasing polarities. However,
when the amplifier output was negative the turn-off point was over a wide
range of emitter light, again due to the biasing. The less light on the FET
the higher the gain; the higher the gain the more negative the drain to source
bias. Until the amplifier output limits, it is impossible to turn it off.

5. Through the linear operating region of the FET switch the input impedance of
the gate is so high that much noise is injected into the amplifier. Therefore,
it is evident that the FET should only be used as a switch and not a feedback
resistor by itself.
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SECTION 4

TEST FIXTURE FOR OPTOELECTRONIC DEVICE EVALUATION
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SECTION 4
TEST FIXTURE FOR OPTOELECTRONIC DEVICE EVALUATION

The following figures show the test fixture for holding and aligning the optoelectronic
devices used in the laboratory investigations.

The first figure shows the fixture with an emitter and sensor ready for test. The
sensor bracket is adjusted to a registration mark and locked. Then the emitter
bracket is moved up until the emitter and sensor touch. Then the sensor bracket
can be moved back in 1/16 inch increments. '
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L12S
Q) JI5
l 1 l ¢
-l .—,3"
FOR 1\N2178
f— , 8 —>

SThANDOE®F
TERMNALS 2»r

AND L\2-3 § Li12-12

T }
““ ""“'.i‘:::. Lls,v‘t:ooo
.0655053
X PRl L~ SEE DATA
o3 Eb W___DouBLE CLAD 000'/—_1 SHEET FoR
Yie" | HOLE
| O O O O PATTERYN
I f - I |
l.]12s . 1‘35 i
75 . b5
—] O O
Lo Pl
1 3 Fo '
- . R TiXLo! .
2J .4 L-.smm L$X 600 — L—"
FOR TR LOT
FOR LS-400 (1) ANB LED-
AND TIX-LOl (2)
OPTDELECTRONLL DEVICE MOUNTING B RACKETS
MADE OF COPPER CLA D EPONY
INITIALS | DATE l:.‘,‘." :l_'. DATE TITLE MODEL
calc R,}j [21dane

CHECK

APPD.

APPD,
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YAP FOR "8-32

3 | /
375
%

428 ALU M. —\

RADWS £ SLOT
FOR *g-32 N

2,28"

g

LIGWT

— |, —

HOLDING BRACKET FOR ACRYLIC

PI\PE

PLASTIC

INITIALS | DaTe [| REY BY | pavx

TITLE

MODEL

INITIAL S
CALC K.J 21dang

CHECK

APPD.

APPD.

U3 4038 8000 REV. 10.64

REV LTR

SOLFING |NO- D5-13268-3
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SECTION 5

HALL EFFECT AND MAGNE TORESISTOR SENSORS
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APPENDIX A
SECTION 5
HALL EFFECT AND MAGNETORESISTOR SENSORS

- The data in Section 5 is provided in support of the Hall Effect and Magnetoresistor
Sensor Experiment described in Section 3.2, Volume II of this report.
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MistoR”™

TYPE MR-A

. @ new series of solid-state, thin-film magnetic
ﬂux-nenuuve resistors that change resistance directly
as a function of applied magnetic flux density, and
capsble of performing a wide variety of electronic
circuit ‘control, computer and transducer functions.

Because these elements can operate over an extremely
wide temperature range (sbsolute zero to +100C), they
are particularly useful for magnetic flux measurements
associsted with superconducting magnets at liquid heli-
um temperatures. The smaller elements cen be used
as probes for mapping magnetic fields.

MAGNETORESISTOR CHARACTERISTIC AT 25°C
AR
Re

2

v

d

k-] 7

] S 10 5 20 25 30 3%

MAGNETIC FIELD, 8, (KILOGAUSS)

A-144

Product Data Bulletin 310.13

AMERICAN AEROSPACE CONTROLS, INC.
A Subsidiary of Univis, Inc.

Other MistoR electronic applications include AC to DC
converters, modulators, rectifiers, contactless potenti-
ometers, magnetometers, wave shape generators, os-
cillators, flip-flops, galvanomagnetic amplifiers, mul-
tipliers and dividers.

The elements are generally linear, respond to changes
in magnetic field above a megacycle and are virtually
noiseless (Johnson noise limited).

MistoR Type MR-A construction consists of a high-
mobility metal sandwiched between Mylar insulation, with
two copper teminals extending from one end.

MAGNETORESISTIVE SENSITIVITY VS TEMPERATURE

"

[/ A/
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e
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/
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MAGNETIC FLUX (KILOGAUSS)
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foagp————— W ———————

|
|

1

OUTLINE DRAWING

et

|t

DIMENSIONS, INCHES

MR-A ‘OVERALL DIMENSIONS

FLUX-SENSITIVE AREA

MODEL DIMENSIONS
NO. L £1/32{W 1/32] T | 221/64w £1/64] ¢
n 3/16 | 3/32 116 | 1/16
12 5/16 | 5/32 /8 178

-006 004
3 5/8 | 5/16 /4 /4
14 1-1/74 1 5/8 172 1/2

ELECTRICAL SPECIFICATIONS

Mognetic Field Density (B), Range

Beyond 80,000 gauss

Operating Temperature, range

~273C 10 +100C

with temperature)

Temperature Coeff of Resistance
{MisteR resistonce increeses

+0.4% per deg. C

Linearity

Approx. 1% above
2000 gouss

Americon Aerospace Controls, Inc., reserves the right to meke
chonges in these specifications without notice as pert of our

1_MISTOR TYPE MR-A

Mogneforesistance is the physical property of certain
conductive materials — rore metals, intermetallic com-
pounds and semiconductors — that causes the electrical
resistance of these materials to change in proportion to
the intensity of an applied magnetic field. The source of
the magnetic field con be either a permonent magnet or o
simple electromagnet. A magnetoresistor's control func-
tion is analogous fo a photo-resistive cell that responds
to changes in the intensity of applied light.

POWER RATING, WATTS
MR-A -
MODEL NO. SHill Air g
n .004 0.1
12 015 0.4
3 .040 1.5
14 .150 5.0

*Power Rating — 25°C Rise above Room Temperature

MAGNETORESISTIVE SENSITIVITY AT

LIQUID HELIUM TEMPERATURE (4.2°K)

150

140

i30

/1

)4

120

1o

100

90

80

TC

60

50

40

30

/

20

10 L
]

IHAGOIETICI FLUXl (KllioGAUSS)
L

continving program of product improvement. 10 20 30 40 530 60 7O 80 90 {00
ZERO FLUX RESISTANCE VALUES
MR-A NOMINAL ZERO FLUX RESISTANCE VALUES, OHMS, +20% TOL. 1
MODEL NO. | 1 | 10 100 | 150 | 200 | 250 { 300 | 400 | 500 | 700 | 1000] 2000} 3000] 4000] 5000] s 000]7000] 10,000
11 (Special) [ L] [ B J ° [ ]
12 (Stondard) [ ] [ [ e )
13 ( Stondard) ® [ [ ] [ [ ]
14 (Special) ° [ ] [ ] [ ] [ ) [ ]

AMERICAN AEROSPACE CONTROLS. INC.

A SUBSIDIARY OF UNIVIS, INC.

123 MILBAR BLVD. « FARMINGDALE. N.Y. ¢« PHONE: 516 MY 4.5100
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AMERICAN ABEROSPACE CONTROLS. INC.

Type MRI Magnetic Flux Sensitive Resistors are
new circuit components whose resistance varies
in proportion to an applied magnetic field. Their
high sensitivity to flux changes provides excep-
tional application versatility, and makes these
units a flexible tool for many electronic sensing,
measurement and control applications.

MRI Magnetic Flux Sensitive Resistors can be

MAGNETIC FLUX SENSITIVE RESISTOR
HIGH SENSITIVITY TYPE

used with either permanent or electromagnetic
fields. Typical applications include flux measur-
ing instruments, modulators, multipliers, current
sensors, gain control and switching functions,
position sensors, and contactless potentiometers.
Their micro-second response to rapidly changing
magnetic.fields permits their use in place of photo
resistive cells, thereby eliminating problems of
frequency response and bulb life.

1000 10,000
CHARACTERISTIC CURVE o
(at 22 Deg. C) § ™0 £ 7s00
3
0-3 KG: Squoare Law Curve E MRI-100 - MRI-300
(%]
Above 3 KG: Linear Curve % s00 z 5,000
° ®
" *
¥ 250 % 2500
o o
] 25 5.0 78 10 o 25 50 ks 10
FLUX KG. FLUX KG.
1
..é_... «-“——.ozo e ins -"'.ozo
OUTLINE DIMENSIONS ‘ f
1 ——— 3 D
] FIELD i FIELD
‘ DIRECTION L DIRECTION
/—Z.LEADS /—2' LEADS
MRI-100 MRI-500
PRELIMINARY SPECIFICATIONS TYPE MRI - 100 TYPE MRI - 500
Nominal Resistance R, 100 ohms +10% 500 ohms +20%
Magnetic Flux Sensitivity Flux
AR/R, 3IKG 1.9 3.0-1.2
10KG 7 - 10 13 - 18
Temperature Coefficient 0KG -0.12 -1.80
% /Deg. C 3KG -0.35 -2.70
10KG -0.50 -2.90
Power Rating. Temp. rise Ambient Air 900 1000
Deg. C/Watt Heat Sinked 70 100
Response >\ megacycle >1 megacycle
Operating Temp. -60 10 +95 -60 1o +95
Deg. C.

AMERICAN AEROSPACE CONTROLS. INC.

129 VERDI STREET » FARMINGDALE. N. Y. » PHONE: 516 MY 4.5%100
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o 8
"3 ELL 4
- HALL-PAK oKL

I,
This schematic representation illustrates hoth the measuring
and muitiplying capabilities of the HALL-PAK. By hoiding .
constant, Vy, becomes a direct function of 3. the magnetic flux
density. If both I and 3 are variable, V, is proportional to

. the product of the two functions. Holding I, and . constant,
Hall Effect Devices Vi becomes a function of the angle between 3 and the piane
of the HALL-PAK element.

The devices listed befow are standard and available from stock.
Devices for your special application can be designed to your

specifications.

SPEC e s BH:200 .2 [ 203 aH.204 sH.205 oH-204 w2 .20
Reted contrel current, lc 150 mo 100 me ’ 100 me 100 ma 100 me 125 me 200 me 150 ma 100 ma
Meximum continveus

contrel current, Im 250 ma 150 me 150 mo 250 me 150 me 200 me 290 me 250 me 150 me

{in 25°C sratic @ie) B 1 o
Open circuit Hall voltage,

VHOC(."'"‘IC' 150 mv ¢+ 25% 120 mv « 2% 100 mv + 25% 100 mv ¢+ 25% 10 mv + 295% 130 mv + 25% 530 my + 25% 160 mv ¢+ 25% 100 mv = 25%

B - 10 Kg) - o ) 1 s ]
Resistive aull valtage, 100 4v max 256 v max 100 v max 100 v mex 200 4w mex 100 v mex 00 v men 200 v max 250 v mex

{see Nate}
Hell sutput load

resistance, R, sqe 1Q- s sN- 0. X I e Q- sQ-
(For optimum linsarity
0 se 10 kg)

Linoerity errer with R,
termination (0 1 10 kg)

Open circyit sensitivity

1% max 1.5% mex 1% mex 1% mex 1.5% mex 1% mex ——— 1.5% max 1.5% mex

s Kyoc Nv/omp ke 225% | 12v/emphg225% | 1v/omphe 125% | .1v/omphg :25% |.11v/ampky s 25%| . Vv/amphy:25% |.3v/omphy :25% |.11v/emphy :25% |.10v/amphg « 25%

consten?,
{8 = 10 &g)

Sensitivity constent, K
- Kin . e . .
{with Ru‘ rermination) .75 lnoc' .75 ‘HOC. 45K \ I8 K o S5 K 75K A 15K I5K

HOC HOC HOC HOC HOC HoC

Input cosistence, R,

lincluding loads) 1s{ 230 260 Lefde 270" 210 sQ- Q- 270

- —— b

. Outputresiomncs. &, 100 ° 1 e 130 refle Tt s LsQe L.
(including lowds}

Moon tompare #i-
Ciemt oF ¥ e ces —0.08%/°C* —0.08%/°C* -.oa%/°C* -0.00%/°C* ~0.08%/°C* -0.08%/°C* -15%°C* -0.08%/°C* -0.08%/°C*

HOC
—40°C s +100°C)
Meon tomparsture conffi-
clent of msistence o.15%/°c* o.1s%/°C* 0.19%/°C* 0.15%/°C* 0.15%/°C* 0.15%/°C* 15%/°Ce RE_ Yo 44 AS%/°Ce

(~40°C 1e +100°C)
Reversibility erver of vnoc
(0 vo 10 kg)
Resistive aell
it v topareri
{1 = 100 ma)

L T B 1% mex 1% oax 1% max % wex  Jeeene 1% mon 1.5% mex

Iuv/°C mex ——— ——— Iwe/°C mex R cemae femeee | eeea-

Storage temporature romge | —~40°C 1o +105°C | -20°C 10 +85°C | -49°C 10 +105°C | ~40°C 10 + 105°C | 40°C e +105°C | -40°C w0 + 105°C | 40°C 10+ 105°C |40°Ce + 105°C [40°Cre . 105°C |

(ot raved 1 ) —~40°C 1o +100°C | ~20°C 10 +80°C | -40°C 1 + 108°C | 40°C 10 + 106°C | —0°C 1o +100°C {-40°C 1o < 100°C | ~40°C o + 100°C | ~40°C 1o + 100°C | -40°C ve + 105°C

. A
OTE: In & time verying field the veltege induced into the Hall output leads, Vina - |8 proportionsl to the effective erea, A, APPROXIMATE

of the Hall sutput leop and the amplitude end rate of change of the field.

V,  (measured with|_=0) = AZE 10t i
tnd < ot :
Vm‘=wln. A-alz, B = gouss, t= sec.

o
71‘) ELECTRONIC DESIGN — ELL INC.

1356 NORTON AVE.
. DEVELOPMENT + MANUFACTURING . COLUMBUS 12, OHIO

PHONE AX 4-49N&8

|
i
|
!
i
@ T R s et M S P M) F T
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ELL
HALL-PAKS

MECHANICAL SPECIFICATIONS:
NOTES:
1. Hall voltage (VH) output leads, red oand neutral.
Control current (Ic) input leads, green and neutral.
2. Leads are solid copper with heavy polyurethane insulation.

3. Dimensions in inches.

MODEL BH204: MIDGET AXIAL

1

.100 dia. —

r=7/64 _ 671+ .003 dia.

p—

{ pogpe

.093 -l -L:—..oso

Active Area
.030 x .060 approx.

Leods:

#36 Ga., 14" long

MODEL BH200: GENERAL-PURPOSE TRANSVERSE

t—vu Active Area

.080 x .180 approx.
7 t:u::::::é

l—+—

.025 max

Over Leads Leads: #34 Ga., 7% " long

MODEL BH205: MIDGET TRANSVERSE

_‘l ]‘1/16 Active Area
I B
—

.040 x .090 opprex.
.080 max

= —l
—‘ L—3/3 A‘

25
,»5/16 ﬂ 070 mox. °V:I-/=ds

Leads: i36 Ga., 7% " long

.015
max

MODEL BH201: ULTRA-THIN TRANSVERSE

Active Area

MODEL BH206: HIGH-SENSITIVITY, LOW-COST TRANSVERSE
-

‘ ‘-1/16
7/32 1_1"/

Active Area
.060 x .150 approx.

=4

Ld
|
.030 [
max e 3/4 /
g —1 P <
Leads: #34 Ga., 7%" long

5/8 7 030 x .060 approx.
e

2 A = e

max, L| 1
.006_‘ — -3/64 .020 max
mox. | } L \/

—T L Leads: #36 Ga., 7% " long

MODEL BH202: SMALL AXIAL
7/64 .102

+ .003 Dia.

k.
h Ly

Active Area
.040 x .090 approx.

Leods: #36 Ga, 14" long

1

.130 dia.

max

MODEL BH207: HIGH-RESOLUTION TANGENTIAL
— Active Area

~r—.025 .030 x .060 approx.
i
145 v
Al ::77::::2
12 Leads: #36 Ga,, 7% " long
.045

mox Hall Element

{ S~ Location
=

]

MODEL BH203: GENERAL-PURPOSE AXIAL

.163 + .004 dia.
1/8

R L

Active Area
.060 x .150 approx.

Leads:

#34 Ga., 14" long

MODEL BH208: ULTRA MIDGET AXIAL

0 135 0.035 Mox
_l_'__ 010

0.063 + .002
poxy Lead

Anchorage

Hall Element
0.020 x 0.040 Red Epoxy

Encapsulation

Leads: #36 Ga., 14" long.

B ays;

HP/Rev. 9-63/5M

DEVELOPMENT ¢

ELECTRONIC DESIGN
MANUFACTURING

ELL INC.

1356 NORTON AVE.
COLUMBUS 12, OHIO
PHONE AX 4-4906
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GENERAL PURPOSE RELAY MONITORING DEVICE
(PROBE, MAGNETO RESISTOR MR-A12)

CURRENT SENSITIVE RELAY MONITORING DEVICE
(PROBE, MAGNETORESISTOR MRI - 500)

A-149




e o e co oo Y TRIGGER
->J i
: Ra *3 X J { e
E, SIK - V. ro
! '
4> F.5 l - Sa ﬁ.\r - < NC.
2 ﬁl ]
| i 1
: ! !
| !
: | |
L : 1.3K :
i ] e .
| ' Ri f2q47&- C|- ]
' I 10 2 Re Sy !
1 |
| 1 : Eo
f Pt ‘ 500 ]
] ———JVYV\———- i
1 BURGESS :
1 L No. Z :
e e e T - I .- —--—————__ d
GENERAL PURPOSE RELAY
MR - TYPE MR-A, AMERICAN AEROSPACE CONTROLS, INC.
RELAY = MO0D. GPR'TAX 72T , DHMITE MFG. CoO.
TRIGGER
v"'--—_"-——“—_—_“_‘-“——‘_—_-——~—"—-'——b_‘_—7
~
= R Ry IX l o
| i v —< N.O.
E, 51K .- v '
- 1
| F S oz << NC
+ > o Tor !
' X o} I
] ! |
1 i
] |
| i § _~— I
I | i
L >t : MR T 6Io !
' ' Ry Soon 4 'L L
I ! 10 T £
! t - 0
| i - t
! P N R
L —r— |
' — 6.75V Rs |
I MALLORY !
| T TR IISR . j '
v\'e e o . _ - _ ________ __ ____ - - _-—"——/————_ _ 4
CURRENT SENSITIVE RELAY
MR - TYPE MRI-S00, AMERICAN AEROSPACE CONTROLS, INC.
RELAY- 2BC-1630~4 , HI-G INC.
INITIALS | pate | REV A'L". DATE TITLE MODEL
CALC 2K |a-¢- -
CHECK I SCHEMATIC~ RELAY MONITORING DEVICES
APPD.
APPD.

U3 4038 8000 REV. 10.-64

REV LTR So&snG |NO. D5-13268-3
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Trigger

+
o |
24 VDC E) Relay
Power Monitoring
Supply Device

I Osc.

|
‘ Iy

Coil Current

Test Set Up

Power Supply
24 VDC 5A

Trygon M36~5 or Equiv.

Oscil loscope
Tektronix 545

Type M Plug In or equivalent

Operating Instructions

The relay monitering devices (General Purpose Relay Monitoring Device
and Current Sensitive Relay Monitoring Device) are designed to monitor
the magnetic circuit with a magnetoresistor bridge circuit providing

the Ej output for display on an oscilloscope. In addition, provisions
are made to monitor the coil current and the break before make electrical
contacts. The relay monitoring device is connected to the power supply

and oscilloscope as illustrated above. When actuated,the spring
loaded push button switch supplies the proper voltage to the sensing
Circuit and the relay coil. The bridge circuit may require balancing

due to component drift, etc. To determine if the bridge circuit
requires balancing; disconnect E) and press the pushbutton switch, Eg
should read 0 volts, if not, adjust the BAL. potentiometer until

Eo = 0 volts. The General Purpose Relay Monitoring Device can be
batanced with E| applied if the slide switch is placed in the off

position.
INITIALS | DATE I:IET“'IA.LYS DATE TITLE MODEL
CALC .
CHECK Test Set Up and Operating Instructions -
Relay Monitoring Device
APPD.
APPD.

U3 4038 8000 REV. 10-64

REV LTR

SOEINEG |NO. D5-13268-3
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FETTT T TT TS CONTROL CURRENT ]
! BH-203 OFF BH-207 ;
| L o —
/2 ! Y ! M
> l
[ I
| R, | [
| Bg.2 |
| |
I [
S/
! { |
i 3 ,~f |
] \ I
! A /4\ i
f 7 I |
i 1 L—r;)-""‘“‘—"—'f;"‘—“ -
~ N
f A M - = :
-~ F=N {
' J |
E, | b rris
!
]
b e o e o e e e l
BH-203; GENERAL PURFOSE AXIRL | F. W.BFLL, INC.
BH-207 | MIGH RESOLUTION TANGENTIAL, F.W.BELL, INC.
s/?_ MV 76 ,MARDTTA VALVE CORP.
s/ MV 74 MM , MAROTTA VALVE CORP.
INITIALS | DATE I:f,l‘,'m'l_'s DATE TITLE MODEL
CALC
CHECK SCHEMATIZL-SOLENOID MONITORING DEVICE
APPD.
APPD.
U3 4038 BO0OO REV. 10.64
REV LTR SOEING | NO. D5-13268-3

SH. A-153




Trigaer

, | P—

H/1 H/2
ggwlec Solenoid Valve
Supp Iy Monitoring

Device

Osc.

Coil Current

M

Test Set Up

Power Supply
24 VDC 5A
Trygon M36-5 or Equiv.

Oscil loscope
Tektronix 545

Type D Plug In or Equivalent

Operating Instructions

The solenoid to be tested is connected to the short cable coming out of the
test device chassis. Control current for the Hall probe located in the
solenoid is supplied by positioning the Control Current Switch in the
direction of the desired solenoid. NOTE: Place the Control Current

Switch to the OFF position when the device is not being used to conserve
the control current battery.

Attach the power supply and oscilloscope as illustrated above. Switching
the ON - OFF switch to the ON position energizes the solencid, at which
time the Hall voltage or coil current waveforms can be observed on the
oscilloscope.

INITIALS | DATE [[ REV BY | pare TITLE MODEL '
CALC .
CHECK Test Set Up and Operating Instructions -
APPD. Solenoid Valve Monitoring Device
APPD.
U3 4038 BOOO REV. 10-64
REV LTR SOEING I No. D5-13268-3
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D5-13268-3

SOLENOID MONITORING WITH AXIAL PROBE

TANGENTIAL PROBE LOCATED IN ANULAR SPACE ABOUT
THE SOLENOID PLUNGER BUICK STARTER SOLENOID
MONITORING DEVICE

A-155




Power | E, -~
SopfPLy ] )
po. | €, '
___]_ .._E_VVV Jrl __5
PRogE Vs ’
(4 -
Power ,/\/\?;P Eo O
Soreey/
be. 2 L _
) VM *
osC
L
PS No. | TRYeow M36-S
FS No. ¢ TRYGoN M36-I1SA
M 4 ind Eo (mV)
\ FLUKE  mobiL Seol
frob 0.027 24
L TexTRowix 345 0.02 4 26
K, oL 0. 021 J2a
Ry Ik 0.018 3¢
- , £. 018 4C
Peeid MR-AI2 129742 -
‘ 0. 013 47
= £4.5Vv
0. cc3 S3
-
e 0. 006 Go
SIS . 2T oM 'T“
el py C-PR TAX 7 ons c.co3 ol
o oee 6o
INITIALS DATE I:I:leA.Lys DATE TITLE MODEL
CALC ot SOV IRV ol h PURPOSE RELAY
CHECK “ IS TL AL MENT hLr TORI R e W ITH
APPD “ MAGAS e A VECTAEE DIVIDER. C\fei T
APPD. H
U3 4038 8000 REV 10.64 .
NO -13268~3
REV LTR soL/NG O DS
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PCe R

SOPLN

DATA stieer -2

K.
1 I -3
Pecpe 1=
[ J
POWER Re Eo .
AN .
SuffLy
1o, e L ~
VM *
03SC. o
L
FIkle l Trvews M3 -S
Yoo TEvgenN ML -185A
| =15 d (in) E, (mV)
v - . R -
Foroke Meoee Sc o G2l -
TEW IR, T4 5 . o4 2¢
! ‘ IO _fl . ot Da | aéf
N I K IRar. 3C
' Y 4|
Pt MR- 0 297 ) c.cic 48
\ 24, 5\ c.009 S4
E, 0C.006 Gc
> ci Cre Ty 757 0.0¢3 ”
c.cco c e
INITIALS | DATE ||:|‘7v| :u.Ys DATE TITLE MOpEL
CALC 2K e o S T Nri A DISFLACES AT
CHECK NS TR RS TH A ks T RE SISTOR
APPD.
Nt et phviber. ChkoT
APPD

3 4039 8OO0 REV

REV LTR

‘O 64
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DaATA SHeET (-3

P(:U- Eh. _E_'_/.f 3
Surriy ’
R ) R\ " ]
1 LYW - ——\
4 —— 1]
Pross s :
e .
il 5O
ToplFi
po, 2 L
" v M - os<
T
(s b TRYcor> M3G-S
PS po. 2 Teveon M36-15A
M Floke  Mudie €l A Gn) E, (mv) -
Osc Té krfony 45 £l |
L [CfeR oot4 235
) c.uel
R S < 26
‘ . . ;oL 29
N WK- 412 (o7
. i ol S 5'3
£, 24,5V
0.0 3¢
E. 0.t 43
- Fod ~ >
Recay OHMITE GPL TA* 72T b ot cq
.o~ - 65
C e
INITIALS | DATE |:|‘:m'|.'s DAYE » TITLE MODEL
CALC 2 K zu-wﬂ GENERA P i 0 RrtAY DISPLACE mMinT
CHECK H M T A e o T MAH? Ertil TER
APPD. “ ;
APPD “ VoL TAGE Dy dick Oweu™
3 4039 BOOO REV 0 €4 - .
REV LTR SOSING |N°© D5-13268-3
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DATA JHEET ¢2-1i

. S
PoweR e, /','
SupPey
Lo | ] E.'VV\,
PCW ER . O
Sofeey .
po. 2
©3¢ ‘
. L
F
VK
S
P Ko, | TRYGoN M 36 -|85A )
ty Mo L TEYeens M3~ |cA
St TEKTRoA X §'S§ a Ge) Eo (mv)
v HP 412 A 0. 024 30
R, c. 02 | 42
K Y \ ﬁ 0. ¢ 'E So
R . SO S&
- |’ 3K .
{ e, cie L6
* K
8 ‘ 6 w03 72
~3 2.
Sce -~ . £.tCC “2¢
Peq g MR -A2 12974 0.cc = 78
£ 24V e 0 77
“ C.Clut
Keonnf CHMITE GPR TAX 72T
INITIALS | DATE I:"Y"l"'_'. DATE TITLE MODEL
cac [ B2 K Te-nree PUEPLE RECAY DispL.icr Meh—
CHECK MONITZL I - wiTH MAGNETD RESISTOR. -
APPD. | ’ CiRcuit”
APPD. |

L3 4038 BOOO REV 10 64

REV LTR

‘a‘l”al NOo D5-13268-3
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DATA SHeer 2-2

S
?OLUEQ En Y
Suefey
S wo .| ’ : AA A
—']'r- - R'
O
SUPPeY .
rvo. 2
o3¢,
- *-—_]1_
[
VM
S NO. | TRyeom M36- 1SA
No 2 LY GO - {0
"5. TENGON  M3( - (OA 3 on E . ()
S ..
ose TEKTROMYK  S4S M Prue il o.024 32
£, 0.018 42
Ra tK 0. 018 4¢
R 1.3k 0.C12 S0
Ra Ik 0. 003 60
Rs Soe S 0.6C¢C 71
Prege MR-Al2 12397 X 0 .cc3 74
£, 24y 2. Loc 73
C. 0- D'/AF
ReLay  OHMITE GPR TAX 72T
INITIALS | DATE %:f:'::‘ .DATI TITLE MODEL
carc &2 K |21 GEMERAC PugPess RELAY  DISPLace WAT

CHECK I

arPD, I

APPD

Mo AN TCRIVG Wi TH MAGNETD RESISTTE,
BR\VDGLT cCiRecwiT

1.3 4038 BOOO REV '0 £4

REV LTR

DOSING ] NO D5~ 13268--3
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DATA Secer 2-3

S,
poweR | B
SufPLyY
NG ‘ _
1| Y
POER. ) O
Supeed
po. 2 *
+« 05c. M
_
| VM.
X+
TG | TRYGOA  M36-1SA =
Yo E0. 2 TRYGeR  M36 -1CA
P o -r R o~ . - ~
:i\ ExTRoMX S45 3 Cin) Eo ()
, HP 41
: cA p.024 21
-;‘ o.o02! 3o -
¥ 2 \ K
] Cc.ClE 40
Ks 1.3k - 1
Ry, [ O.Ct .46
R Soo J& o.c12 >3
PR:LE MR=-AZ 1237 ©.009 N4
PR 4V 0. to¢ c8
C, o.o‘uf c. 0c3 q0
Recay oM TE  CeR TAK 72T ¢. boo ©9
INITIALS | DaTE l:f,l‘,'m':. DATE TITLE MODEL
CALC B jeres CemveRAL PIRPOSE RELAY DISPLACE MEAT
c:::ix _Mom'rmma WITH MAMET® RESKTIR
oD CiReuIT ‘

U3 4038 BOOO REV 10.64

REV LTR
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Power
SuepLy

Ne. |

DATA SHEET A~4

PoweR .

SulPLy]
No. 2

7S No- | Tevgew Més - SA
PS MO 2 TRYGon M36-10A

VM

N

osc. TEKRoux S4S
VM HP 4124 d Gn) Eo (mv)
R, ©.024 3
Rz (JS o.02) 34
[ t,3K 0.018 £9
Re T3 0.01§ 45
Rs Sps 0.012 s2
Preze me-aie 1297 0,003 6o
E, c4v 0.006 G
C\ 0.0k 0.003 | 45
Reeay  OCHMTE cer TAf 72T 0.090 c7
imias | oare | M€Y o T ourg —_ wooeL
cac 1821 27l GENERAL PUEPOSE RELAY DISPLAcCEmMinT
i::,c,x MOMTORIVG WITH MAGNETORESISTOR
arro | RBRIDGE CiRcuiT

L3 4038 BOOO REV 10.64

REV LTR

"”‘-’”a I Nno D5-13268-3
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. )
Powee E. ,'/,
SuepLy :
Cwe. | | _
- - R‘
PowER - O
SuPfeY -
~No. 2
Osc. ‘
' L
-
v,
S
P MCT LSV BatTery
VM HP 412A Crosed 2g.2 [
R-L O‘_Q_ O PEWV 12,8
R Seo
R¢ o L
Rs loce Q.
Prost MRT - Soc
E.
Cl él ‘/Ag
RecAaY HI-G tne. 2BC-1630-4
n\" Lus T2 THE DESICM ofF TIE ARMATURE AND PoLE FAceS, THE ARMATEE
LoD MNET P& PES(1oMED A CCURAYELY T0 MAKE DISPLACE MENT ME ASLE EMEATS,
THE. Y2 ocren MeASURE MEMT IS 1o APPROKIMATELY A 1D~ PES 1TION
INITIALS DAT:[:"T"'"L" DATE TITLE MODEL
e [®2 K [3-2-¢0 CURRENT SENSITIVE RELAY
CHECK DISPcACEMEVT MEN MERIVG i TH
:::: MAGWEORENSTER BRIDGE CliRcuIT

U3 4038 BOOO REV 10 64

SOLFING | NO- D5-13268-3
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DATA SHEET 4

—q
£ 3> |
POWER | o—9-
SUPPLY
NO. L

O Sc.

Ps No [ TRYGON M3K-IisA .
PS Ne.2  TRvwGON M36-5 d(in) EHQ;W!
Osc TEKTRON)X 545 0.039 0.60
VM HP-412 A 034 oo
R O - ' —
PROBE ~ BH-200 033 | 48
Ig, /50 ma. '0—3-0 - 20
E, 24vDc ' 027 —
SOLENOID VALVE — pMAROTTA MV74 -MM "‘:zz":' %
018 | - .06
.OLS' - 4 /é
012 1 -<36
009 -.77
. 006 i)
23 | .42
000 | .84
iniTiaLs | pars § Y BY | pave . : TiTLE MoBEL

INITIALS

CALC Tz/,g 2 28~

CMECK

SOLENDID VARLVE DISPLRCEMENT arow +70RIN G
WITH TRANS VERSE 4 At PROBE LDcARTED

APPD. ) )
APPD. ON END OF SOLENOID coOiL.
u; 4036 8000 REV 10-64

REV LTR SOSING |N° D5- 13268-3
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DATA Syeer $-l

S
3 .
PoweER Lo 9 f
SopPLy
Ne. |

eScC. :
+
PS No.1 TRyYGON M36- /5 A
PS5 Ke. 2 TRYSON M3¢-5
Csc TE K TRONIX 545 d G Eu (my)
Vi WP 4127 0030 | 52,0
' ! . L.027 §3
N O < 024 54
Proge BH-207 0zl 36.2
r, 150 ma OB S
v De 015 56
c, . L0122 S4
- , O S
R ALVE 7
D VALVE MPAROTIA MV 74 MM . 006 49
' ,003 46
000 43.5
INITIALS | DaTg || REV BY | pare TITLE MopEL
CALC Sz [3-2-¢6 SOLENOID VALVE DISPLACEMENT Mo,wrae-'

CHECK

APPD.

APPD.

ING WITH TERNEENTIRL tHAL. PPOSE LOCRTED

/N SLOT FILED

IN THE )NNER POLE

U3 4038 8000 REV 10.64

REV TR

DOEING | N© D5-13268-3
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PS Mol TRVYGUN M36-15A

DATA SHEET S-2

—pd

- E' .Sl
POWER | *—e
SUPPLY R
No. 1 !
L s
POWER
VM SV PPLY
Neo .2
osc

S Mo 2 TRYSON M3G6- 5

, 0.030 -
el el o]
:_:rn : &4 2A ‘924 5'2,0
N ! 4.0
FROBe  BH-207 'g/zé ﬁ:&S’
Ic IS0 ma '0’-5— _57.0
E, 24VvDC %a Sif
- v7eman |0l :
SOLENCID VYALVE  MAROT™A MVT =y 540
006 | S53.0
,003 48.5
) 000 | 44,0

DATE

TITLE

MODEL

REV BY
INITIALS DATE {nnr|u'

CALC Dazr 13-2-44

SOLENOID VALVE DISPLACEMENT MONITOR IN &

i::tc: I WITH TRNGEN TIAL MLl PROBE LOCHTED
APPD. IN SLOT FILED 1V 7_’//5 INNER POLE

U3 4038 BO0OO REV 10.64

REV LTR SoEING |NO D5-13268-3
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Powe R
SUPPLY
Ne. 1

PATA SHZE]" 6-1

osc.

vlll—-’

PS. N 1 TRYGON M36- ISR o =
PS Mo 2 TRYGON M36-5 S(n) ~Himy)
osc TEWYRONIX 545 0. 030 4.0
WM HP 412 A L 027 4.05
P el o2 4.2
PrROEE g+-203 c2) 4.4
Te !1SO mac. LOR 4.8
E. 24 vDc 05 4.85"
SGLENOYD VALVE NMAROTTA MV76 o012 S0 ]
209 5./
205 &2
O3 3
, Oon $.38
INITIALS "‘“—m:m::s DATE TITLE MODEL
z::c %? a 3-l'éé<"¥ SOLENOID VALVE DISPLRCEMENT IOHIT it e
m:( I WITH RZ/AL HALL PROBE LOCATED Jerc
APPD i THECENTER ©r ~NE Spirar,n ALons Ter £X'S
U3 4038 8000 REV 10 64
REV TR SOFING | NO D5-13268-3
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POWER
SUPPLY
No. 4

DATA SHERT 6-2

S

POWER

osc

SUPPLY
"% Ne 2

FoNol TRYGON m34-i5A Lo, E.
PS No 2 ‘T"Rvsow M36 -85 dQn) ”'M.'
osc " YEKTRONIXN $S45 0.030 3.62
V1A NP a412p, ’ . 027 3.8l
K, o .024 4.07
PROBE  BH-203 Lozl 4.3
Ie 150 mar 018 4.6
E, 24 vDC OIS 4.65
SOLENOID VALVE  AIPAROTTA MV76 , 012 4.8
| L 00% 4.9
. QDA 5.02
1003 /2
1000 5.2/
INITIALS | DAV § WEV s | oarx TiTLE mMoDEL
z:; DK .3""[’4 : SOLENOID VALVE DISPLRCEMENT MONITOR I7/ 6
e WITH AXIAL HALL PROBE LOCATED NEAR THE
APPD. CENTER OF THE SolENOID ALome THE AX1S

U3 4038 8000 REV 1064

REV LTR

S@E/NG |NO. D5-13268-3
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DATA SHEET 7-)-

—j 1o

E' 054
POWER | *—9
SUPPLY
No. 1 R,
Power
SUPPLY
O VM No.2
osc
d(."h Ey m
PS Mol TRYGON M36- /54 J (mv)
PSMo2 TRYGonw m3e-5 0:030 /2.0
Osc TEKTRONIX $45 L0227 /1.3
v P 4124 024 Q.6
R S ‘ L2 g.7
PROBE BrH-207 (OIB 2.2
Ic 150 ma X153 4.2
E, 24vDe - (012 2.7
SOLENOID VALVE  MIRROTTA MV 74 009 /. 85
: L 004 7
. 003 -2/
— 220 —.0237 |

INITIALS

REV BY

DATE H \NiTIALS

DATE

TITLE

MODEL

. CALC

L2k

2-28-64

{ CHECK

APPD.

APPO

SOLENOCID VALVE DISPLACEMENT
MONITORING WiTH TRANGENTIAL MBLL PRCEE

BERIOGING THE Grp SETWEEA THE FLAT -FACED
ROMAT YRE AND THE OUTER FPoLE

U3 4038 B000 REV 10.64

REV LTR

SOEING |NO D5-13268-3
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{ supPPLy

POWER

Neo, 1

PS No. 1

Osc.
VM
R

PROBE
de

E,

o8sc

TRYGOM M3IE-/ISA
PS Ne 2 TRvYGON M36-5

TEKTRONIX

HP 412 A
o_n..
B#H-207
]SO ma
24V Dce

S48

SOLENOID VALVE WMAROTTA MV76

DATA SHEET 7-2

=TSl

POWER

SUPPLY
VM Ne.2
dGn> | Evgm)
0.030 /1.8
027 10.3
.0z 4. %8 |}
L 02 ] 8.3
08 £0
.O1S 2.9 |
L 012 2.02
. 009 .97
. 006 ,2& |
003 -./8
000 { ~-.40

niTiALs | pars § ARV "L'. DATE . TITLE MODEL
CALC K |2~ SOLEMDID VALVE RISPLACEMENT
CHECK MONITORING WITH TANGENTIBRL MALL PROBE
APPD. BRIDCING THE AP BETWEEN THE FLAT-FAcED -
APPD.

ARMATURE AND THE OUTER PoOLE

U3 4038 8000 REV 10-64

REV LTR

S@EING | 'O D5-13268-3
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NOTE:

MONITORED BECAUSE THE gmAp WAS

INRCCESS RBLE WITH THE ALUMINUM
COVER M PLRCE

PS Mo.4

osc .,
vm

K
PrROBE -
Te

E.

PS M2

: POWC R
SUPPLY
Mo |

E oS,

DATA SHEET 8' .

ARlLuminum
1 cover

TRYGON M3&-1SA
1.5V Batt, & 8.2 <~

Power

SLPpPLY
VM No, 2
d En

SOLENOID VALVE MV74MM) MV76

PDISPLACEMENT DATA WAS NoT

TEKTRONMIX S45

O L.

BH-200

TR ISO mav

24vC

niTiALs | Date ""“""l A'._'. DATE TITLE mMoDEL
cac 1 Ocr 3% SOLEMNDID VRLVE MOMITOR ING WITH
ChEcx ' TRANSVERSE HALL PROBE MOUNTFED
APPD.
APPD.

U3 4038 8000 REV 10.64

ON SOLENOID COVER in 'mt. VICINITY
OF THE ARMATURE s,qp

REV (TR

BESING

NO.D5-13268-3
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PATA sheET 9

@® [=

CHECK

‘ APPD.

APPD

MON ITORED wiTs TANCENTIRL MALL FROBE

LOCATYED /N ANULAR SPPCE pB8ouT
THi SOLENOID PLUNGER

POWER E_S - d ‘._
suPPLY T ) |
Mo L o 17 T
< <‘
e —FF -
'\ PROBE
R ’*‘g
. A Ic
O | [Fower
\ SUPPLY
oscC. ‘E" No.2
VM
PSNel TRvyGowmw M34-t5A E.
PS Me2 TRYGON M3L-7/04 ‘ d(om) (mv)
osc. TEKTROMX S35~ ,'M 'PLuG +M ' 4s.5
PROBE  Bl- 207 ,/uL 3.2
VM [ Pa1ZA 3///84 :.’Sg'
Y S . . .
\g«h - /4 2/.8
Ky
E. 3V, 24 _3./'6 )852
Te IS0 rmre 7/5 ;4‘9
SOLENOID - /953 Buica S TARTER ,’ 11'8
. L P
Y /0.0
5 25
7 7.0
4 6.6
A, 51
’7; 5.3
"Tb 4.8
/ 4,/
INITIALS | DATE tI:,‘T"lA':. DATE _ TITLE MODEL
LK |25l SOLENDID PLUNGER DISPLACEMENT

U3 3038 BO0OO REV 10 64

REV LTR

SOFINEG |N© D5-13268-3
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DATA SHEET 70-)

E, S - d
POWER h—v/r ~— r-‘-
SUPPLY i,
No, L o /
-;i\\ \\‘b [
I \vana v/
En R
POWER .
SUPPLY 2
» o Ol
h osc. *
PS.No 1 TRYGON Ah35-I5R d(“") E”{mV)
PS No, 2 TRYGON M34- WA ’21 jg :
Y M HP-4124 Vie e
oscC. TERKTRONIX &S&S 3/32 3.8
. o = /e 3./
PROBE .BH—203 3/1* 146..5’
E, IvDe, 12 A, 172 /.25
SOLENOID /953 Buiex STARTER 3/8 0.65
| ' % 0.45
VZ— 0/35'
3’/@ 0.2¢4
98 0.22
. o8
. 34 o,14
3¢ 0.12
78 o1l
’3/'/'4 0./0
INITIALS | DATE ]':.‘Y"M'L'. DATE TITLE NODEL
:::; 2k Z'M%F SOLENMOID PLUMGER DISPLACEMENT

APPD.

APPD.

MONITORED WwWITH AXIAL MNALL PROBE
LOCRTED 1N THE EAD OF TRE SOLENCID

U3 4038 8000 REV 10-64

REV LTR
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DATA SHEET /0L

POWER P.E’../S' —— d e
‘SUPPLY : F I aY '
.Noo l : : ‘ L ’I’
-ﬁ\ . \\
. —f
AY AR/
T
E” P
POWER X
SUPPLY 1.
v m Mo, & O
- T osc.
PSNol TRYGON M- /SA d(jn_) Ex (mv)
Ps Ne 2 TRYGON M36-/0A O 3.6
vm HP 4124 ',//;;_., 3.4
. y 2.2
osc. TEK TROKIX 545 35 Sz
R, o o , | ‘é’é I.;
PROBE BH-203 144. g,
E 2VDC , 8 4. 3/4- S5S
Ic 6 ma o —-712 L:35
SOLENOID 1953 Buick STARTER ?/6 g'if;
. . 2. P
%/ o5
- -] Q.12
' ”46 0.09
74 008
7/8 0,06 |
" 0.05"

APPD.

LOCRTED /N THE EMND OF THE SOLEN 6D

NiTIaLs | DATE ‘:ﬂ" "L'. DATE TITLE MODEL
caic K |24 SOLENOID PLUNGER PISPLACEMENT
CHECK ,
APPD. MONITORED WITH Axi)AL HALL PROBE

U3 4038 8000 REV 10.-64

REV LTR

SOFING | N° D5-13268-3

.
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oRTA SHEET 0-3

U3 4038 8000 REV 10.-64

REV LTR

Sos/nNG | O D5-13268-3

lsm A-175

— & s, . CJ .
POWER —./r_ SR : -1 r‘- _
_SUPPLY \ ol B o
Mo' 1- . —5 /r
2 ..
N - ——
I T Y
: g R
POWER H !
SUPPLY :
= Ed ol
— oOsSC
PS No 1L TRYGON M36-/SA dQ") Ey (mv)
Ps Ne 2  TRvGow M3é-/0A ’C/P 35
VM HP-4125 /’; '32‘42
esc TEK TROM X 545 3/76 1“;_‘
R 1 o ol b - - -
. , .
PROBE 6+-203 | b;; Z_.'%
E' 2 VDC J 80. ’ ) 3/8 0.36
Te A6 ma 7/ 0.2
SOoLeEnOID . 1953 Buck STRPTER A 0.20
Y/ W
%8 0.2
’%/_é 0.0
4 .08
78 0.06
"k 0.05
INITIALS | DATE |:f1‘,’u':. DATE ot TITLE MODEL
z::‘ K 2 |SOLENOID PLUNGER DISPLACEMENT
APPD. H » MON ITORED WITH AXIAL HAL.. PROBE
APPD. i LOCATED /N THE END OF THE SOLENOID




DABTA SHEET M-I

POWER ‘f";@;’i? -9; E'f""’)
SUPPLY o o 24.2
' 83 . 15 23.4
/6.4 30 20.8
25.0 45 /6.6
33-3 é0 12.1
41.7 75 §.08
! - 50.6 90 o &
: 58.3 105 -§6.04
6¢.¢ 120 - 1.4
. - \ —) 8.0 135 -17.0
—v—‘.’E.?NlERA Zm{.z. \_Mhemu £33 /50 208
DAL PROBE - qlLé /65 -23.;
' /00,0 J80 | _24¢
/082 /195 -23.3
176.8 210 2.7
_ 12520 225 —16.6
s s s [T | e [
PROBE BH-207 14).4 255 - 6.4
Te $0 ma- /500 270 o
158.2 285 .7
/66. 300 I
. 175.0 3s 17.2
183.3 330 2.0
/191-7 345 23.3
200.0 360 24.)
INITIALs | parr § TRV BV | parx e MODEL
CALC ok I2-i-4¢ ‘ :
CHeck ANGULAR DISPLACE MENT MON ITORING-
v

REV LTR

U3 4038 8000 REV 10.64

SOSFING

NO. D5-13268-3

SH.
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DATA SHEET 11-2

POWER - Yorae fl e . | Ew pmy)
SuPPLY vm > T
Y/ 30 .2
250 | 4S /e3
333 | 66 | 8z
4.7 75 | 4.8
s00 | 90 | oo
SB3. | o5 | -4
/- 71— — - 75.0 135 -1.5
VERNIER ZHALL ' Z Mncjn;r ' 83'3 50 —ILO.'
priAaL PRogE : 9.4 s | -1s.5
700,60 /B0 Nz
1082 195 =I5
116.8 | =210 -139
, 128.0 225 | -iad
POWER SUPPLY TRYGON M36-S /33.3 . 240 | -82
VMo HP 412 A& ;
PROBE BH-207 141.6 255 =43
1582 285 4.2
* /6‘a6 300 810
175.0 38 1.6
. 183.3 33¢ 14.0
91,7 345 | 1S4
INITIALS i~y oY | oar TITLE ' ‘ . | woosL
CALC Doy ,
Check AMEULAR RISPLACEMENT MONITORING
. APPD. ' ) .
APPD.

U3 4038 8000 REV. 10-64

REV LTR

S @SN | O D5-13268-3
s, A=-177




DATA SHEET /1/-3

POWER VM | Vgx;“-_ 6-. E4 )
SuPPLY - o 8.8
83 /5 7,90
/.6 1 30 | 705
25.0 45 865
33.3 60 4.09
[1__1 4;.7 75 2.13
) — - $0.0 90 o
- 583 205 ~2.00
66.6. jzo | -3.97
- AN 75,0 135 | -s.ed
L vernier Z HALL | masNET 83.3 /50 -¢.98
DiAL PROBE 1 9/.6 165 -7.77
100.0 180 ~8./0
/0B.2 95 | -7.84
116.8 210 -7.00
12500 225 | -5.68
‘ /33.3 240 -4.02
on;:sa? SuPePLY -Z;Vj’?; M36-§ Y24 255 | -=2.5
PROBE EH-207 150.0 278 o
Ze SO ma. 158.2 255 | z.00 |
164.6 3L 205 |
17550 3,5 5280
183.3 330 7./0
1 19/.7 347 7.8¢
200,0 360 8.5
wiviacs | oare |2 8V T oo —p —
CALC Pax

_ CHECK

/=4

APPD.

APPD.

PNGOLRR DISPLAC EAMENT MONITORIN G

U3 4038 8000 REV 10.64

REV LTR

SOFING |N© D5-13268-3
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DATAH SHEET /lf4

o VERNIER S N - :
POWER vM 1 DAL :9 ' ! E”(mv)
S_?PPLY o O° . /?‘5
8.3 Y - 19.0
/6 30 ,
| é 7.0 _}
: 25.0 45 3.7
33.3 . 60 9.8 .
4.7 75 5.2
To.0 Q0 )
<R.3 105 -5.0
6.6 ‘20 -9.5
—f— J/ — 75.0 i35 4/3.-3
: 3.2 iSO ~-/6.
VERNIER ,’_/Hm.l. Zmnsm:r g =769
- DiIAL PROBE 9.6 <y - —18.&
te. s 150 9.5
08,2 /a5 - —-18.9
768 274 -/6,?
. }25.C 225 —/3c8.
POV/ER SuPPLY TRYGON M36-S i Al 00
VM HP 4124 —
PROBE BH-207 i0é 255 -$4
Le 156 ma tse.n 275 ' o
RLiwn. 7
' !SE. 2 235 S
/66,6 300 9.8
1750 315 14-, )
(83.3 332 17.2
1.7 345 )4.0
200.0 2Ln 19,7
INITIALS | DATE l:n‘rvx A'L". DATK TITLE MODEL
CALC S52F |a2-4- |
R ANCULAR DISPLACEMENT MOMITORING
APPD. .
APPD.

U3 4036 BO0O REV 10-64

REV LTR

SOEING | N© D5-13268-3

TsnA-179




DATA SHEET 1).5

owen '_VM“ }'_‘.i"é’i" e; _ »EH({”.“:)
SuPPLY © o : ‘2"4
‘ - 83 /15 20,7
L 30 L 18.7
25.0 45 153
33.3 60 e’
4.7 75 £.2
30.0 90 0.3
58.3 05 | -50
‘ 66 120 -10.3
-+ ! —) .75.0 1355 | -14.7
Lyernier ZHALL [mm)zr‘ 833 /50 -lgz
DimL PROBE al.b 765 -20.5 .
| /00,0 /80 -21.0
108,2" /195 A-—zo,d..
1/6.8 2/0 -18.]
POWER SuPPLY TR’Y"¢°~ M-S 125.0 22% - 148
vV M  HPana 133.3 240 <10.7
;:ou ;B;o_::f 141.6 285 ~5.8
| 150.0 270 | _o04
1sez | 285 | 4.8
1666 | 300 /0.2
175.0 315 14.8
1833 330 18,3
1917 345 20.5
200.C 360 2/.4
miTiaLe | pare J§ v BV | pats T uopEL
z::z, B2K_jzavel ANGULAK DISPLRCEMENT MONITORI NG
APPD.
APPD.

U3 4038 8000 REV. 10-04

REV LTR

S@EING | NO. D5-13268-3

. fsm
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SENSITIVITY NEARR O°

DATH sweETr /2

- En(mes) VS CONTROL CORRENT -

PROBE BH-207

I En Ew

(m") Runz?5 | Ruwn =z 0O

o 20 wy 20 w v
S0 £.72mv] B mv
)00 14-3 /66
150 20.0 24.7
200 26.7 33.0
250 33.5 40.4

Ie = 149 e

SEMNSIT!IV!TY NEPR 96°
Ie = /50 smra

Ew VERNIER Ev : ‘.'E.'?N:Ek
(mm v; DiIAL (Hv) DAL
za o o . 49.8
23 2.4 } 00 $0.0
22 12-7 206 50.2
2| 5.5 3¢e £0.5
20 7.8 deo 50.7
Py 20.C oo 50.8
/8 22.0 6060 £04
/b 246.0 00 5/.2
INY 27.8 00 S/.d
V%o $/.5
INITIALS | DATK l:ﬂ,’l :‘_" DAYE TTLE ' MODEL
CALC D lz-i-4 ‘
| cHeck PMNGULAR PosITioN SENSITIVITIES
APPD.
APPD.

U3 4038 8000 REV 10.64

REV LTR

SO&INEG | NO. D5-13268-3
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raX

- e SRTE RO TR METR . o

Pow LR

 SUPPLY
No 1

1

POWER
SUPPLY.
Ng.a -

DATA SHEET 13-1 |

MAGNET

++

. ELEcTRONIC
COUNTER
Osc
PSNe, 1 FLUKE Mmod. 30IE d()'n) EN Gorv)
PS No 2  TRYGON M36- 1SA 0.025 14.5
DC MOTOR  Dpvyron 2m 307 050 l2.0
ELECTRONIC COUNTER- BicwmaN T370R LObS 10.8
osc TEKTRONIX 545
.. , .0
MAGNET 067 290 ——
PRoBE BH-207 150 &2
rRPM - 3060 ‘
Je 1870 e
mitiaLs | oars | Axv "._'. pavs ‘nine MoDEL
= D2k 12-4-4k ANGULAR VELOCITY
Pre=y HALL VoLTAGE V.S, DISTANCE
APID.

U3 4038 8000 REV 10.04

REV LTR

 SEEING | NO D5-13268-3

lsn.
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DATHL SHEET I13-2

MAGNET

oC
MOTOR _ —L
POWER
SUPPLY
Ne. 1 POWER
SUPPLY o
No.2 ELEc T Ron/C
 COUNTER
. OscC.
PS5 Mool FLUKE amned. 301E diny | Evgme)
Ps No 2 TRYGON m3¢- 15A 0.02.5 )5.0
DC MmOTOR-DAY oM 2rM037 L OS50 /.5
ELECTRONIC COUNTER - Beckammasr 7370R 067 9.5
osc. TEKTRONIX 545 )
PARGNET 130 b2
-PROBE By-207 .250 3.2
R Pm o soh /.2
Ic [ SO #1a. ‘ -
 b4S 0.7
INITIALS | DAvE |:f7"|::‘ DATE TITLE MODEL
C -4.
e LBZK 2ol ANGULAR VELOCITY
APPD HALL VOLTAGE VS, DISTANCE
APPD
C2 A0 SQ00 REN 'O R a
Riv (TR '0"”6J Nno D5-13268-3

Isw
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: '~'J\‘

DRTA SHELT M-/

MAGNET

MOTOR 1! -
POWER L
SupPPLY
No. 1 POWER E”
SUPPLY :
nvp. 2 ELECTRONIC
. . . COUNTER
osc.
Ps Mo L miuke mod, 301 RPM Euwlmv)
Ps No 2 TRYGON Mm36-15A o] 1S.0
DC MmoTor DAyron 2m 037 ] 000 /6.
ZELECTRONIC COUNTER - p
OUN EECA‘MQN 7370R 2000 6.
osc. TEKTRONIX 545 -
MABENET 3000 14.8
PrROBE BrH-207 4000 _—
dI ) 0.025 1. 5000 145
150 /na
6000 15.4
7000 14.5
Booo 14.5
INITIALS | DATE ':'ﬂ‘.’u‘:‘ DATE TTLE MODEL
CALC 2Kk 2-4-4
pov 22 ANGULAR VELOCITY
APPD. HALL YOLTARGE V.5. RPmM
APPD " :
) U3 4038 8000 REV 'C 4 ) ..
REV (TR SOSING |N© D5-13268-3

fsw
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DRTA SHEET 14-2

MAGNET -
- bc L o
MOTOR d - »
POWER
SVPPLY POWER
Ne. 1 SUPPLY S
Ve, 2 - ELECTRONIC
~CQUNTER
OoScC.
Fs Va 1 FLURE m™od. 30IE RPm Ev (my
Ps No 2 TRYGON M36-/5A o /12
OC MOTOR  DpAYTON 2MO37 )02 12
BLECTROAMIC COUNTER - Bgckman 7370R 3000 /2
osc. TEKTRONIX S45 4500 YA
MAGNET : ~
(o] )
3 0.0 in. 75760 )2
lc 150 ma . qoco 12.
INITtALS | DATE Il:l‘:'::. DATE TITLE MODEL
Bax |er24dt ANGULRR VELOCITY

CHECK

APPD.

APPOD

+

HALL VOLTAGE V.5. RPM

U3 4038 8000 REV 10 64

REV LTR

DOEING ] No. D5- 13268; 3
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SECTION 6

RESONANT BEAM AND ULTRASONIC FLOWMETERS
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APPENDIX A
SECTION 6
ULTRASONIC AND RESONANT BEAM FLOWMETER
Data in this section is provided in support of the Ultrasonic Flowmeter Experiment
and the Resonant Beam Flowmeter Experiment discussed in Sections 3.4 and 3.5

of Volume 1I of this report.

The majority of the data is related to the Ultrasonic FlowmeterExperiment, which
seems most likely to produce a useful instrument.
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- JETN R O
CENGTW OF CLAMPED BEAM T 3.5 1aCMES
TEST TLBE : SIS INCH oD
FLOW VELSLITY | MELATIVE AMPLITVDE | FIRST MoDE RESINAWT
€pS vVeLTs D FREQ. cvg
V.4 ol 103
3.1 -2 -k
6. {.© \03
K .9 \. O BY-X
\R.e 2.0 o3
Rvon b.

LENGTW OF CLAMPED WEAM L

23.0 \NCHES

TEST TLUGE : IS \wew oD
FLow VELOCITY | RELATIVE AmMPLITUDRE | FIRST MoDE RESONANT

€pS voLrs rREQ. @S

L 0]5* "« © L \4« 8

3.9 y O R \ A&

6.3 o\ \48

9.3 X \4 8

\2.9 * 39 \4Q

NOTES .

= consvepamile vamatTiown

W) AMPLITUBE EXLLTED

DURING MEASURETMENT DUE To BAcEROUAND
VIBRATLAN ,

CALC

INITIALS DATE

REV BY

INITIALS

DATE

TITLE

CHECK

APPD.

APPD.

U3 4038 8000 REV. 10-64

FiGa. A-l
TLsT._‘ DAT A - RESCSNANT
WEAWM, FLOWLIMETTR

REV LTR

SOLFING | NO- D5-13268-3

1SH.
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BuC
e

T BISTANCE BETWEEN TEA
LY w -5
* & & & & 7 &

~
[+

-
L

[

D5-13268-3'

ALUMBIVM  LOWQITUDINAL WAVER
V" 245,000 1N/ SEC
ALLUMMIWOM, SURFALE WAVES

Vg = ‘19,000 w/sEC

~WATCR
(- §8,800 \W/sce

60 200 3o 900 500 Goo e Bee e (e (108 i2ee 300 (4ee 1500
‘e TIMAE DELAY~ s

CALC

CATT FIGURE A-2

CHECK

TIME DELAY VS TRANSDUCER SPA;

APR

CINGQ -ULTRASONIC FLOWMETER

APR

THE DOEING COMPANY M a-189
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D5-13268-3

Pertinent IU Environmental Control
Requirements and Specifications

Flowrate: 7,800 Ibs/hr (17.6 gal/min) W
Temperature: +25°F to +100°F with +59°F nominal
Operating Pressure: Inlet 15.8 to 16.9 psia

total rise 28 psi

Service Media: : 40% by wt. demineralized water
60% by wt. methyl alcohol

Tubing: W 1.00 inch x . 049 inch wall,
6061- T6 AL Alloy Tube

Flow Velocity through 1. 00 tube: (8.8 ft/sec) W

Notes:

W Calculated Values

W Section Upstream of Pump
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. L, — —
— RUBBER HOSE , _;
/I f 2
.| _FLow : :
/ ! > .
AE /e
[
y ]
TRIG, CRAN. A
OSCILLOSCOPE PULSE GEN 516G NAL
TEKTRONIX RUTHER FORD GENERATOR
545 A "BI1D HP-606A
"FRE Q. ANALYZER
L == HP 310A [
TuBe| L) | "L |TRANSMITTERl RECEIVER [TEST
£RUN | OD-IN | INCHES]INCHES|CONFIG; FDSITIONICONHQ. POSITION DAT A
a L5 | 434 Al A A 8 |a-m
4 1.5 2051 A c A B |A-I¥
c .S | 4ok C A c 8 |A-IS
o .S 29! c c c B |A-IS
-+ 75 | 45 c A C B |A-/t
4 75 [32% | ¢ c c B |A-/
g a8 45 B A R B |A-17
A | s 32 B c B 8 |A-17
A 1.5 | 435 A A A B | /8
£ 1.5 | 434 A A A R 118
£ LS | 43% A A A B 19
£ 1.s | 434] A A A B 119
m .S | 43% A A A B 20
m 1.5 | 43 o A A A B 20
[ " SEE FIGURE T FOR TRANSDUCER CONIFIGURATION DETAILS
INITIALS | DATE |:f,;’l:l_" DATE TITLE MoDEL
cuie FIGURE A-13
e TEST DATA - PRELIMINAR Y
APPD. TESTS-ULTRASONIC FLOWMETER

U3 4038 BO0O REV 10.64

REV LTR

SOFING |N© D5-13268-3
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APPD.

APPD.

TEST DATA - PRELIMINARY
TESTS -ULTRASONI\C FLOWMETER

RUN a.
FREQUENCY - KC 70 190 270
FLOW RATE <¢PS claj3joj2]3 023g~
PULSE WIDTH - wa 100
PRF - C#Ps 20J
SIGNAL DELAY - e Q00| —t» |1850| —t& |300| —1
INDICATED SIGWAL PATH
THRVY \WATER lvib =iV irir-lv] «»
THRU TUBE
TRANSMITTER LEVEL — dbm [tI0
RECE\WER GaiN-~ db 10110 |10]20}20|20|30|30]30
RECEWER OUTPUT - 71.81.71.61.6l.4].15.15].1
RuN &
FREQUENCY - KC 70 190 270
FLOW RATE - fPS ol2|3|oje|3]cj2]3
PULSE WIDTH -~ u«a 100
PRF~-CPS 200 gt
SIGNAL DELAY -« 400 L o450 —{»-|450]
INDICATED SIGNAL PATH
THRULU WATER
THRUVU TUBFE virivivivlvl v v
TRANSMITTER LEVEL ~dbm +10 L
RECEIVER GAIN -~ db 01010 |0 }i0]10]10 [ 10}10
RECEIVER OUTPUT —-r J1.7171.6 .6].58.55|.5|.7
INITIALS oml,;f:,;:, oATE — -
E:ZEK FIGURE A-i4

U3 4038 8000 REV. 10-64

REV LTR

SOEING |NO- D5-13268-3

lSH.
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RUN C

FREQUENCY — XC 1 Q2 225
FLOW RATE- FPS olzi3jo =23 0]2 3
PULSE WhiDTH — @/ 100 -
PRF — CPS 200
SIGNAL DELAY - &4 goo| —+> {800 — T |775| —T*
INDICATED SIGNAL PATH

THRU WATER | Viviv FIV v LIV v

THRU TUBE
TRANSMITTER LEVEL — dbm [0
RECEIVER GAIN —-db 20| 20| 20| 20| 20{20|30 |30]|30
RECEINER OUTPUT -V 61.61.6.6 1.5).5].8 2|12

RUN d

FREQUENCY-KC 7 2 225
FLOwW RATE - £PS oj2z|310j{2i3;, 0123
PUL SE WIDTH -4 100] - ; -
PRF -CPS 200 r
516 NAL DELAY - o 4s50| —— |$00| —> | 300 ——
INDICATED SIGNAL PATH

THRULU WATER

THRU TUBE SISl vV
TRANSMITTER LEVEL dbm |30
RECEIVER GAIN - db o} o] o olo] o] o]o
RECEIVER OULUTPuUT -V 1.51.5) 1.5] 1.3 ] 18] 4§32

wimiacs | oate | Y 2% T oare — —

FIGURE A- IS

CALC
| cHeck

APPD.

APPD. l,l

TEST DATA - PRELIMINARY
TESTS-ULTRASONIC FLOWMETER

U3 4038 8000 REV. 10-64

. D5-13268-3
REV LTR SOE/NG | O D5-13268

'SH.
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RU N
FREQUENCY - K C Bo 96 210
FLOW RATE- €Ps oljé6jiz]o|& 12]lo |6 {12l
s wm”;— «0 ';-v —+—+—4—F — 12 L=
PRF CPS 200
i SIGNAL DELAY -~ .o 780 | —t++ (400 —4> 315 | —1—tn

—
LINDICATED SIeNAL PATH

- THRU WATER viriviviviv
THRY TUBE viviv
TRANSMITTER LEVEL — oJbam [HO
RECEIVER GAIN - Jb o) -
RECEIVER OUTPUT - o 0% |09]09{.07 |07 |07 ,60 ot }).ol
RUN f
FREQUENCY - KC 80 96 210
FLow RATE - §PS ole]ialo]ei2]o]e]ia
PULSE WIDTH - «d. 100 i
PRE - CPS 200 el
e e —i

SICNAL DELAY - «a

400 —t 300 | —+o= |20

INDICATED SIGNAL PATH

i THRU WATER

THRvY TUBE vl el T T,
TRANSMITTER LEVEL-dbm  [+io! -
RECEIVER G&AIN - db - OM |
RECEIVER OULT PUT -~ L1{1afia] .8 | B8] as|95]95

TITLE

MODEL

CALC
CHECK

|
APPD, |
|

REIV BY
INITIALS DATE ﬂ INITIAL S DATE

APPD.

FIGURE A-\e

TEST DATA - PRELIMINARY
TESTS -ULTRASONIC FLOWMETER

U3 4038 8000 REV. 10.64

SOEFING | NO D5-13268-3

REV LTR

Ish.
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'RuN~

.

FREQUENCY - KC so go
FTELOW_B_;\TE‘fPS O 6lte |06 |1z
PULSE WIDTH - e (oo -
PRF — CPs 200
SI6NAL DELAY - «u 00| —t+>|%0| —+>
INDICATED SI6NAL PATH '

THRU WATER Avlslslvisivy

THRYU TUBE » )
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